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Abstract ofWO03021691 

A semiconductor light emitting device which is a 
chip type semiconductor light emitting device 
comprising a substrate 4, a blue LED 1 mounted 
on the substrate 4, and a phosphor layer 3 
encapsulating the blue LED 1 and consisting of a 
mixture of yellow phosphor particles 2 and a base 
material 13 translucent resin. Yellow phosphor 
particle 2, which absorb a blue light emitted from 
the blue LED 1 and emit fluorescence having an 
emission peak in a wavelength region of at least 
550 nm and up to 600 nm, are silicate phosphors 
each mainly consisting of a compound 
represented by a chemical formula Sr1-a1-b1- 
xBaalCabl Eux2 Si04 0 <= a1 <= 0.3, 0 <= b1 
<= 0.8, 0 < x < 1. Being easy to disperse into 
resin almost uniformly, the silicate phosphor 
particles produce a satisfactory white light. 
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•jKE^ltt^Hr 7l^(4)4, 7l«(4) ^€ ^ ^LED(1)4, 3MLED(1)S| ^» #<g*|-fe, sg^l ^^^<g 

*K2) ^ 5L2fl(13)(-¥-#^*l)3 ^^^1#(3)* 3$ »i£l§fi^«l4. 

0 JxK2)fe, 3MLED(1)7> "MsHr *# £^*H 550nm <>1# 600nm st$-<g«H t#3|Hf- £fe ^g* 

* (Sr Ba al Ca bl Eu x ) 2 SiO 4 (0< al £0.3, 0<bl £0.8, 0<x<\)3. & 

3 -fas, #3:$ ^ 



urns 
s i 



•3 -MM 



7l#£<>) 



#efl, 3}-# 400nm °1#°M 530nm <r 4**1 a* Sfe ^LEDCS^sMlfe $4|LED 

, °1 3^LED7> w 0 V#s|-^ ^J> %^«H] 7 MW^I ^(^ 530m3.^-iH 580nm?M 

*\ «j£^llt^7}7> 514. b^, o) ^^AioflA-j^, <^7lAl?)fe LED 2) ^ "o|7l*'ol^ 

^JL, =L ±3*^.$% 'o} 7 |# ^SjS^ojH} *J.d^ 7j5L2\ 3)Hf- '<^7l# 3)3'^ $4. 

ol<i|. «V£s)l^%^7>s.^, |ol ^ 29272793. *Ji, 10-1635353. SJi, £^-7fl 2000- 

2088223 ^M., <a^-7l) 2000-2440213. 7flAl<g #^^%±z}7\ $X^. 

4 29272793. lS}-2-§-3ls^» t*#-2.3. «H, 400nm 530iim sJ-tf'Sfl 

°fl 4*B|a* 3MLED*h (RE i^Sm x ) 3 (Al y Ga 1 ) 5 0 12 :Ce^*)l(£, 0< x< 1, 0< y £ 1, RE^r 
Y, Gd a|bms]^ i 7 flo} ^S^-^)(ol«l-, -YAGTfl ^^'^ 2^1?J &£*|g#:fc 

7>7>7flAlHlS14. 

^•71 YAG^l ^^Sflfe, ^^1LED7> <9-*«l-fe *(°l7l^) s^oflAl 580nm 4^ ^3* JlJL#2l *(%^ * 
)•§■ ^^H-S., ^-71 ^-*l^Ji°)1^^ ^^LED7> « 0 >#^fe ^^^4 YAGTfl ^*^l7> »g-#^fe 7>^«fl 

£ 10-163535i ^iLoflfe, Sfe ^isl-^^l LED 4, °1 LED^l 7 H^ 

$z 2^ ol#S| ^^40* S^aI^J U J}aJ) BVi^l^^i^} 7l)A)5]5jl4. ^^Sfe, (Zn, Cd)S» ^^^1 

S.QS. ^ ^^, %Aji j i^^, al^^^, ^ (Y, Gd) 3 (Al, Ga) 5 0 12 :Ce, Eu ^^7> 711^1^34. 
°17H, ^71 (Y, Gd) 3 (Al, Ga) 5 0 12 :Ce, Eu %%%}S. ^^±S.^ YAGTfl ^s]^ ^%^ol4. 

< as. 7 fl 3 g 10-16353551 ^^.oflfe, ^^LED4 YAG^l ^^^2] 7H^, 4*^^ CIE-^££<HlAi9] ^4 
^£^(x, yW 0.21<x^0.48, 0.19<y^0.45 iflS $5.^ * B -^ AJ 1 ^i^il u e v ^7]-7l- 7flA|s]Si4. 

£ 2000-2088223. ^s-7fl 2000-2440213. ^"112. ^^ LEDS ). Y AG^1 ^^1» 2:^1^1 qq u_V 

i^l^f 4i47> 711^51^4. <^s. 7 i) 2000-2440213. ^JB.«H|>«1fe, #5.$ik%±x}7} * 
cg«o| tf-m ^Sfl, Y AG 7^1 *g "£o| ofq^, ^lfl£ **iH*#(SrS:Eu) 

t^lS. °|-§-^ ^i^l4*±7>7V 7fl a] ^^cf. 
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a}7H, YAGTfl $**H<Hfe £-8, YAG31 **** ^*Hr Y(°lS#)«*MI xfl^r Gd(7}#5^)^7} 

3] ^^lM-, *#^4H sl^ Ce 3+ si ^7>^, ^^£<Hl ^s\, ^ ^s\3l 4*<M 530nm-590nm ^S. 
*l ^*Hr £33 fl-S-H, Gd ^^lM- tf^gol Ce 3+ ^7>^2] ^ f- 
*l| **S|a a] aEs| fe ^o} ^-sl^ £-ol, ^#^t=*l : ^q-, -g-^(R.march et 

and G.O.Mueller Proceedings of SPIE Vol.3938(2000)pp.30-41) %2). Gd€*rfe Y^^4 ^M^-HS., G 
d%7\9\ *l^^o) ^7>t°tl ^ YAG^l ^|#*113 ^tfl«l^ 

SGd^^l-^^ fl-fr«r^l SHrY 3 A1 5 0 12 :Ce 3+ ^#*H(Y°fl tfl£ Ce^l€:^:0.1-2%)2l 4.15-4 
.55^1 3°1 'S^^ ^^H^ ^3^3 34-^530nm(^tflal^o| 4.150] tg#*H)o)jAi 557nm(^cfl «1 f^l 4. 

55°] ^W^W 4°1S1 ^-e(^^~%^7)ls] sHH^H 54fe sjJE. <£%z\ ^(Phosphor IndexW*l 

4(BS)^^^(^)), 3 Philips4 7 r *3.a HI-41). 

<D 3HLED7} »8-#«rfe ^ Aj ! #4 YAG31 %%%7\ ^f^r^r $M?H #3 #3«l-§"lr a>*iS^ p «*Rr ^-g- 
© 3^LED7> "o v #Srfe h>^o.s.^, €«Hr <3fe U^. 

©^#*fls] 2:^0)14 Ce 3+ ^7>^ uV^ul, Y AG Til $#*l|7> Hi**rte ^2f- 4^0.3.*), 

°14 <g#*l|f- 2^-a]?,, ^^LED7> « 0 v #5rfe $4 *4 %%%7\ « 0 v #«r^ **^| £4#-§- 

7^ BV^lt^iM-fe, ^^^ISAi YAGTfl n%$7\ <>)■%■$ 5L $X^. 

$ 7 ] ^^"i, ^TflS-Sl^iLiA^, 4£Ee}H*l] Jf^ofl ^Ajj LEDS . ^ ^7l)t4 AV 7 j 

3 iflofl, YAGTfl *§#*i|« m^flAl^l ^]h_ 3 t 1 ^ *£^«*±^rv+, ?fl©U} 3^ LED* 

«Ult4 f-AH, A^ 7] ?| H AJ ^o)], YAGTi) ^^11" m7l]Al7j ^X]S. ^ ^^1^ T 1 ^ 

4, *m*r&li.£4 ^^LED* Hf- ^7fl^4 fAjo), YAG^l ^^]» tWl^ %%3l]%Sr m 

^1 « ^^LED» ■g-'S^ ^221 tt£*tf*&*r 7l^5flSlc)-. 

YAGTfl ojjqoj JjL 7 l5^# LED£r 2:^]?! ^SSflt^^S f^-^ ?j« <^^^ 51c)-. ^ 

» *°1 ^^-711 2001-143869X ^i<Hlfe Ba 2 SiO 4 :Eu 2+ ^^^1, Sr 2 SiO 4 :Eu 2+ Mg 2 SiO 4 :Eu 

2+ (BaSr) 2 SiO 4 - Eu 2+ ^^^1, (BaMg) 2 SiO 4 - Eu 2+ fl-Aj-oj^^^s. 0]^^. aV^l^- 

%4l7l-7> 7]7l]s|)5dtT. 

°1 °J^-7l] 2001-14386931 ^S^ir, LED ^^s) 4^- 3] ^ sH}-<§ ^-g: 430nm olsj-, ^-§1 400~430nm ^^7> 
5J^.S. ^l^fl^SiCr. °J^-7ll 2001-143869^ ■g-a.'H) 7|t|]3 ^ ofl o)l a-} 343-405iim ^^-°J^2l % 
Sr u o v t«fe LED* ol-§-^ S>£^]^^-±47l- 7)7ll^$ac|-. ^ <gs. 7 |] 2001-14386931 ^iL^l^^, £^ fl-^oj^ 
^ ^AB^^^s] oj-v)^, ^-7]^#S ^€ ^7lLEDiL^ -S-71LED1- °l-§-SHr ^ 

^ ^7] 2001-143869J1 71t(1s| ^^-g-, e7]-S|Aj^. ##5^ LED^)-, ^^sl ^ ^^j- 

^ ^7|^i-al 2^1^ uv £ sii^^ H «^ t^oler % v °icr. 

°l7lA-l ^aJ-oj^^o)! cflsH ^^«r^, f^sfl, (Sr ^aa-^ Ba a3 Ca b3 Eu x ) 2 SiO 4 (£, a3, b3, xfe 4^, 0 
<a3<l, 0^b3^ 1, 0<x<l* ^ ^r*])2\ **M ^.S. IEaIh]^ fl-A>oj ^^-s)l 7 > °1 fl-^ 0 !^ 

^^^S-g- ^^-^1 ^^1^1^, Ba-Sr-Ca^ 2Aj^ 4^0.3.^, ^%$\ 505nm ol^v 

598nm ^S.s] tfloflA^ ^^fe ^^1<?] o>^^ oj^ E ^aj.oj^^]^ i70-350nm % 
2A> 5^o])Ai u] jS^j JLJL-I-S} ^-^-1- «4Er^fe V^t! ^(^Electrochemical Soc.Vol.115, No.ll(1968)p 
p. 1181-1184), 5.^- ^-^(Fluorescent Lamp Phosphors, Kith H.Butler, The Pennsylvania State University Pre 
ss(1980)pp.270-279) f-°fl 7flAl^oj^. 

=L^$7) fl-AV<g^^ofl &*loflTr, flA]^^ ^71-350™^ ^1 4^^, 430nm» 500nm 
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%q $%<$qmt*\ lit t** 44^ 5Jofl 44 7]4^ 4*1 £4. <1«-<1 #314 4?I3 

34 4#<o^, #*l 450-470nm 4^21 $$5. #4 34 3$ o^Hl s)*l) 550nm °)4 600nm °)43 JHM 
of A] i^^Sl 4 ; §- c o4 4*1 YAGTfl ^§4*114 4^7W4 $4 44 4#44 ^g4*H.IL4;E 7 J4 $ 4 #44, 

*i^44 £34*1 ®m. 

°14, 3^LED4 YAGTfl *§4*l|f- 2:^1?] 4^4fe #£*tf*4*H t««W 4*1 -S^iMS. 44. 44 2J4*1 
*ll 2927279S1 fl, "3^-711^ 10-16353531 44 4471) 2000-2088223. 42i, £4711 2000-2440213. 4!£ 4 
•Mfc. 4£*H44±aH 54<H4 ^%^1#2] 4*fl4 Xl^^i 44 A>*J-£ 7flA] 5)^4. 

44, ^4*1 4 29272793. ^iL* «144 4°a4€£2l 47l| 4*14241 4 fe, $9*fl$4| s4|3.4 0)44^ 
< ^*l«r*l 40)) YAGTil 4^44 a]?} 34, LED^H ^44 3 ^«N, 44*1) 

7fl°l^^ 4 44°fl 4^14 4|#4^*H- ^^-Alflfe LED3 4«4 Y AG 7)| *g4*H4 4444 

34^4 ^44 3°1 7]7W°I4. aeU °14 YAGTfl 4*1)4 #444 3)^5] 4*||f. 100~400nm 

3.44 3*121 71 $14. 

^ <347fl 2000-20882231 4iLf- «144 4^44421 ^Tfls^JioIHfe, YAGt)) *84*«« <H14*14a1 4 
444 4^34 l^l^liSf LED34 44^* 444 444 4°1^S# 34^3 o]^ 4 

4 *§4*)14-§-, LED4 3)444 444-5-4 s^SHr ^^^1 7flAl^|o I cl.. oil- fio)l fe YAGTfl ^4*fl* 4444 
Jfl^H, 4 4*114 20-110^3. 44 443 7\AA &4. o] <4 3#*M°1^S» LED33 4444 

44$ 4*H ££44 4U Ai^, Z.g.$±3. 5fl3)4 ±Em)9±m, ^A>^ol ol-g-Sji flt).. 

£ 7* ^Hfl2l 4<43^3. ^44 m 4£*l] 44^21 °j3fl* 44^1)4 44£«14. H 7°fl 4444 44 4<4 
4 4^21 aVHSflt^^, ^1°1^(8)^, ?1M^(8) 4°fl «fl^l^ ^^LED(l)Sl-, ?1M^(8) i4) ^^LED(l)2l ^fl 
» %^7|] ^^^1<2aVs1- ^a]21 tMJ« Y AG 7)1 ^^1^(3)4, 7il°l^(8) vflsl Y AG Til ^^lf^( 

3)^- sl^sl-fe ^3)4^(10)» ^wl^cl-. 

£ 9fe £ 7<H1 M-El-^ aVe]]^ tVE^^T.]. ^4^.(10)21 ^^Sl- 4^xflfe ^aV^d1^a>^1o1c).. £ i 0 ^ n]o) 

^(8) e«o Ve l ^Af^Dl^A^clcf. ^. t^^t-S) ^ofl ^«flA^ ( ^<?j^^5. 

4 ^£ ^"f £ 7, 5. 9 ^ 5. 1021 ^A^cl^AVAloll 421- ^-o], 314^-1- A>o|ofl 3)44fe, 

cfl^lS., YAGTfl ^^11- 3.^5. *>-4*l-^ ^^^#(3)4, YAG^l ^t*H» 7l2j ^fe ^•4 3 )44( 10)s 

4e)€4. =l ^€^4 YAGTll ^4 B lf*H ^"Jlsl-^, YAG^l ^^-^1^] a>(9)71- #^«)1 ^^fl 214421 

Ai4ofl ^^j^ofl ojt}. 4, <goiAife ^^14(3)4 YAG^l ^ ^-^1 «?J ^>(9)7> °i14a14^(£71|) ^^Hi 

^fl€ 42:21 ^oi oj-q^ y AG Til ^^^l°jAH9Hel7> ^44°1 a^fl 4°il ^^4°1, *I443 a^^I ^^°] 
^mn) «cf. Av 7fls ^ve)!^ ^^ojaV7> ^^14 4°fi «3i4 5^4711 44€ 46fl» ££4. ^^1 
4(3)21 4^^?] 4^11^ 44^44(10)21 4^11^-4 ^a^, 10-70^14 

^^Ai, 3144 ^ YAGTll ^4^1°JaV21 4io)i tflsflAi^, 0)11 i-<H ^^-^4*1 WO98-0507831<>ll '££4*4-114^ 

4£4 ££4 n 41l^^^4^l» ^-44^ ^^4£, ^^i4, 5.s.4 D 411^1^^4^sl ^4, 3^ 
£ 4i 44 2^ °121 7>a1 4si 444-'oi 7l^7> 5i^nl, a^J ^ofl Y aGt11 %%*i]<Q AA ^^4tA 
4tt ^4^)1* ^^21 7>4^£ AlA>El^Al4, ^7)]5. YAGTll ^4^fl2l-, 7^1^ 4 a] 4(°fl 4 a] 4-^1 , 

i^4^1, ^Hl34(silicone))# °144 471 ^°j^o)i o) 4^4 4 4^a>i-^ 47>4^°ll^^ 47>^-^4. 
4^4 3*11, ^4*1 A 29272793. ^^.21 44<?H ^ «fl ^144€ 4£*llt4^A>i- °j44°l ^4*1*21 4<g^ 

2:# ^71-^14, ^4^)14-2- YAGTll ^431^1-71- S.711 421 Al^oll Zj^ 52j47)l 42: S| ^}ol 6[\J{ 4, £ 

9°fl 44h5 44 ^4^)1*, 4 YAGTll ^n^A^A 3.4 4°fl 4t1I4^, ^4^1^°1 3)44^ ^| 

4011 ^jaj£|oi TgAj^ ^01^4. £ ^4^11 42^ 4^ajo] £ 92] ^^ nl ^ A j.^o)i 44U5 44 q 0 ) 4 70 

^■=■1^4. 

£4 4#4i£^ell^^ <: >14 4a>^4 < 5 144 <1 1 ^^^1#* s.^jl 4?]A3.*\s] ^4^144 ^^4^ 4^°11 
SI^a]^ ^4^4 4011 yagtii 4 4^11 °Ja>4 314421 7-14011 ^aj^4. 44a], ojoi^i^ a]^ 

3 ^4*1144 YAGTll ^4^11 < 3a>7> S7il 421 4*W 4^114^ ^^7> 4^1 4^1 ^4*11 < 3a> 

4£ol) 442j*Vol ^44. ^ ^^olifl^^. ol44al BD^AlSA^ ^4^44 ^^4^, YAGTll ^4^*1-21 

44sl°1 -2.7)1 4 4*H ^^1 4 Tfl 4^ 42°11 7>44 4313. sl7l^ 444, ^ ^-41 *a 4i2i 44^^* 
oi4si 401^4 ^4 ^4^1^ 44^4°1 4£ *s ^4. 

°14 4°) 4eflsl 4£^14^Al-o|ife ^4^1# 4°)14 YAG4 ^%4^A^^ ^44°1 5.7)) 40JI ^7))^ ^Jo] ^ 
4°)1 ^4^1°JaV 4£2i 44^^*1 i«>lfe ^4°1 5a&4. <^14 ^^^4211 4£^144±a1-4 ^4 
*H#°fl 4«f|A-l ^e!4^, °144^ ^4^fe YAGTfl *§4*H 0 H, =l ^4^91 44fe 10-70^, cfl44-8r 10-30/flD 
°14. a *i4*ll48- 2.7))s.Ai oi44^ 44 4011 yagtii ^4*H» 4444 4?1 ^(^4*H^1°1^)4 ^44^ 
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*8444. 

4^4 *§4*n#4 ^4 4 I--&444 $ f^4 ^ -^w^ni 

4*344. 

34LED4 **** ?44fe SH4, #*«^<>1 «-*<M5U. °1» 

^^1^7i 44 45 4^4 44. n yagtii *84*fl2J44 *84, <&A=L7\, ££4 aiajai-, 

34*11 1- *M4^ 5L7fl4 4^}, S^sJM^S. 2^o]i| 2S222] a^Sj-f-, ^laBlloll 44 3°14. 

44, ^2«ia<>l 44, <84*fl# f"4 7fl447l 44 ?*l|34 ^1<L>£ ol^-oi^jl 514. oflf. s. 

°1 11-3184531 ^-Jiife, LED3 4°fl <*JM^*I# 347flS4 ££4 ^, «1 4°fl YAGTfl 34 

*fl«a4t- JMM^. £ 4°J ^-44 YAGTfl 34*floJ4» 7}iMi 4*fl 7)17144 ^.2.3. YAGTfl 34*)1#4 
5°i444 45L*H44i7>4 44 4 «-^#-§- 4^°] 71^(1^1^4. a 4^-71) 2000-2088223. 

^Jiife, ^LED4 444* *I144 ^flofl, 34*HfK4 W34 4#g«;*)-fr ^^LEDl- 4444 3fl443. 

4 3^4^, ^LEDSl 44^ 444.°-3.4El4 *l]?14 44444 4 44°fl4 7^2] ^ 

34^4 t^ii* 5°a^-§H ^ 4-^4* q*ntfc= a o v ^°i 7i^sma4. ^4 2001-1771583. ?n.<$s=, 
34*ii#4 £4*, ^ 4 ^#44 ^4711 4.^4 s4*h 44*Rf ws. 7i^5))^4. 

- sfll4^l - 

°H 434 44 4°] *hJ|si t^^llt^^lr, 4^7]] 34313.4 YAGTfl 34*114 °l-8-f-°)l 71444 34 
3^3 #°fl YAGTfl qwa*M-*34l 21*11 44-^-4 7^°fl ^342.3, 44#*, 3 4*11 <3 44 4 7} 344 
2.7| ^o.s. 34*11*4, Y AG 741 3 7121 tf-frsM ^-f 44*o.3 4444. a YAG711 3 

4*fl°J444 ^ i7 j. o>u|c-1^£, §^4 34*H°j7l- 4^4 £71)71- €■ 34*H#°1 €4. ol 44-fr 4 

—7-1 344*1^ SJ^qn}., 3<H:E 34*fl4 S.7i|4 Bl**>7> 444 44 -°-34 ^7]^ 3°14. 

°)7]*\, %%%]s\ a^ofl 44 4# 4^-71^ 44^, S^-H ^^^44 Q°] Gd€41- £*\ t-B-4^1 Y 3 Ai 
5 0 12 :Ce 3+ ^^(Yi cfl^: Ce^l«r^:0.1~2%, -g*<fl>H4 434^:530-557nm)2l ^tflal^ol 4.15- 

4.55^1 7]ir 44 D J:, #^^1-4 ^7H 443, #4$ ^ 7l 2lsfl Y4 °J-?-7} Gd°ll 2l«fl alols 

(Y 07 Gd 028 Ce 002) 3AI 5 0 12 ^^1(^^434^: 565nm)2l ^tflBl^2l ^^14fe 4.98°]4, Y 3 Al 

5 0 12 :Ce 3+ °J-?-7>Gdo11 4«H ^1*^ ^^fe £f 4.65* ^44^ -¥-71* 5J»l5i4(£ 48 t^). 

^714, -%7] (Zn, Cd)S» ^^1 3.^3. 4^ 44# ^^fe, Cd# *>-fH&h°5.*1 560nm ^S. *>1>*4 4^-H°4°ll 
<r t^4H« ^ %^7ll « 0 v#«- ^ 9 4-4 <>H (<4* l-ol, M^l^, ^^f-44€, -S-4, 24851) 
«>]4 % v ^), 4.13 7>B^* Sl4(Phosphor Index(4^1o>(B5)44^oj(^)) 

3, %q *H 71^)4 44 **4*<>1 ^4 4M4, Cd# #*4£.s, 4^- tt- ^4 
»n 01^4. 

ol4 S«l ^2)14 ShE*l|^4;4te, ^11* ^ofl-H ^^^1°j7i- §5L4 #47} Sl7l 4)^4), *s^«-<>i $ 
^4o) Tllf- ^401 ^^o] 014. ol ^Qj^o^ YAG711 ^^1* 0I-8-40I ^€ ^Hfl4 4 

i^llt ^7H1 ©.a #71)4°), 34#4 i^-471 4*11 3^#31» *7}s. 4-8-4 4£«1)t^±4 

4, 44£» feol7) 2l«fl ^.xfl^^s. ^ 7>S a>^-^ al^^^HT-li $7fl^cf. 

£ ^21)4 4£*im#4l4°llTr, 4^ Al^oflA-1 ^ ^^)l^£ #2fl2l 4£*)l^ v ^±7i- #, ^^loj7Hel7l- 

40I £7114^ ^^^11#i: ^fe o.S^, ^^SJ^4 ^^LED4 ^4 *^4°1 Q**]*}7] 41* 14, LED 4 
^ YAG711 %47il #4 7HW 4s» °J44fe ^^^1 #4 %^°) -¥-^44^ S14. 

£4 YAGTfl ^^^llfe, ^^LED7f 4#4fe 410nm 530nm <>14 ^4°fl Site ^4 ^4* ^ v 4, ^^4* 
34i-i:S. 550nm c)4- 600nm 4*l-^l 4^711 447-171^ ^7l^^(^^4o.S 

°i7i4fe ^4^1) 0 14. o] nflg-o)i ( oisj. ^ YAGTfl ^4*11-1 ol-g-4^ ^4 #Hfl4 4£*H44±4<>11 S14 
4fe 34a#o] YAGTfl ^4*114 4-8-^01 ^7i| 1-7I nfl^-ofl, ^4^11^4 44^4 T^fe 10-70/mioH, 
^ 4£.^l^44i44 «H4t71- 10-30/an4 °J=* ^4^1#°1 44. YAGTfl ^4^1°J7l-2l 371(54 $3)7} Eflgf 5-2 
0/flnois ^4^1#4 4434 "114 SM: ^-f. ^+ <r 41— y ^7fl4 °JxHl 4*11 ^4^1#4 *r^7\ 443AS. 

ad, YAGTfl ^4314 ^4*fl*£(^4^1f i 4/(^4^#4+^r4#4))l- f-44 5-10 #4%a.4 ifleU, 5 #4% 
DI40.S. 4°1 ^4*11#4 4434 t-^tI) 4^14 44, 4£*fl44^44 B fl444°l 4444. 

°14 4£ q 459J44 4t)H 4*1)4, #efl 4^ 44s a44°i44, o>4 -f44 *H4«I* 4444 ^ 4°. 
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3, 4£*H u e v #±33 31 f- ^£3 ^3^ §-3l» 333 °J-31Slfe 4333. j£ aJ) 4-^40] g^g. 4.44, YAG 
31 *8#3l %33| #3 43"3 3 550iim 33" 590nm 333 33 iflS. 44)32.3., 3" 3 

44 tfj^ 44 4#4fe 45iS)l 1 £#£3 43 3 #4fe, 3 313^3 43-§-£ 44. o] fe aj-i^t 

4#3^r #3 33, ^^LED7> 4#3^r 34 #4, YAG 7fl ^43l7> 4#3^r %33l #33 ?HH 3 
*fl 13 ^1 3 $3. 

a, 33 1£ f^3 <LK£*il4#4i3-# 4** tt##*H*lfe. tf#*a|<1*|£ 4 45^3 4^33 <a3fe * 
314, oH 71443 W#33 314 t£3 #3fe ^]7V 43. u J-5La114#£33 3lf-<M:3 # 7 ] nfl^-ofl 
1W33 3|2:€34 £433te S-314 514. 



4^ si -'oMm -'d^ 

£ ^3 3-3£ ^Mtftfi^ ^4*flf- 2:433 3^33fe &£*l«-#±3-3 aJ) 5j^|4i, 4|4 

l-^^l 3-fr 4£314#4:7>3 43 ^3 YAG 31 *i43l4 2tf3*l 33 £ 

£314#£33 - 3#3 ^ 444 433-b 33 ££314#±3 4 4 i-5<a^oi q ^-jl^sh 4#33 
4 *H 514. 

£ ^3 ££*im#£*Rr, 4 ^#4-£- 7>43, 3 # 4#'3°-JS- J i ! -3 ^ 4 44 444^ 33S.1314331}- 
4^33, #3 33t#£33 34 s. Aj. 7 ) 4 4#«-# 343£4 ^33, #3 33£#±7>3 4#3^r 33 
## 1^33 %331 ^#-8: 4#3fe %331 ^sHr 34314* ifr£*tf*&*Mol, 471 

4*J1 31 343^333 444 

(Sr i- a i-bi-x Ba al Ca bl Eu x ) 2 SiO 4 
(0 < al ^ 0.3, 0 £ bl < 0.8, 0< x <1) 

3. X33^r 33£ l f^ff-3 4tt-§- ^3 4#3fe tM!:«93#*W4. 

334, #3 ^^444i4^, 45l4 33 3-«-3tt 4£3l4#;Ji3-l 4 $33H, 430nm« 3i43 
3 500nm 33, ^H^SWIfe 440nm 3# 490nm 33, 3 4 i e-33-3l^ 450nm «14 480nm °143 44<§^o)l ^ 4 
#3 Hi- 4fe ^^1-^71-4 ^Jol 443144. £ 4 ? 1 4^^] ^4^^, 550,™ 44 600nm «»14, 

442)47)1^ 560nm <>14 590nm ^14, ^ 44^1 431^ 565nm »14 585nm ol43 44<g^ofl ^ 4#5lHl- 4fe 

£4 $7) 4^°fl 5a«H^ al, bl, xs\ 4*1^ ^#^13 4°fl c(|4 133 43 A J, ^#^3 >l^4, %^3l 
3 tW£, * 4^^^ 4^o)14, 44314711^ 44, o< al <0.2, 0 < bl <0.7, 0.005<x<0.1«H > 4 4t^!^ 
31^ 44, 0<al <0.15, 0<bl <0.6, 0.01 < x<0.05°H, 7>4 4^2)Bl-31fe 44, 0.01 < al <0.1, 0.001 < 
bl < 0.05, 0.01 < x ^ 0.02«1 4. 

£ 8-8: fl-4^^^^11 ^ YAG 3] ^#^113 ^714^315^4 44ia]E^4 44^^ £0)4. £ 8°fl 43M1^ 43 
ff^^Mt 250~300nm ^714331- 7H4, 100~500nm3 34^3 M13 5 

50~600nm3 44^~%^~^-€4^ 3 ; 8-^3°fl ^#3^1- 4*r %^313 u o v #^ %^31 ^4*11 °]5-3., 

$7] ^^^#^4^4^13^, m #3, ^#3 7H°i 3^ 

°17|4, ^71 4^ , S^^3 2:^^33 l^^s ^ 4t^3 ^31, 4^31 4* H> v #*Hr ^7l Tf^«a^ #afl4 ^ 
^ «flsl-<^ ^.4^11431 4^^^ 3-8-3 ^-3. a!^3, 43 4^ < S^#^3 43-3°fl3 al4bl3 ^37>s. 
T 0«H 71-4-1- 3-f°llfe, ^H31 4^^^#^l, SEfe 4 U <H313 ^>^3l7> ^314 ^'S^t^ls. 33 ^4. f- 

ai3 ^r37l- 43 7I-4 3^33- ^3°fl7i ^ ^s. ^43^, bl3 ^37} o°ll 7>4* ^-9-°ll^, Eu 2+ 
^33 1^4(Crystal Field)3 3*11^3. ^'Is., al3 t37> 0<>fl 7>4^1 bl3 t37> 43 7>4 3^-3^- ^3<H1 
^ 4°.s. ^014 ^4ofl fe; 44^7)1 ^4^i» 4^ fl-^^^^lls 33 H4. ^3|s., al 433 bl 433 
£t ^3 7V4 3^3^ ^3°II3 €■ 4°-S- ^33^, l-al-bl-x3 t37>0°11 7>4-§- ^-f°)lfe, 4 a <j-^3l(Hexa 
gonal) 1^4i» 2fe fl-^l'S^^^. 33 <a3. a 43 31 i~3) 43 3^ 3^3^, ^3 ^ ^#3|s. 33 
433 3 ££7} 4£ 1k%SL3. 4 ^^-7V 43. ^4 x3 <t*\7\ 43 7V4 3^3^ H3°)13 3^- 9!oi 4 
3^3-4 Eu 2 + 4#^34£7l 43 ^^^#^113 »i%%s.7} 4*1)3^, x3 ^37V 43 7>4 3t3^ 
^3°113 €• 4^3. 9Jo)4 ^^-ofl fei Eu 2 + oi4oj| 0^4 4^40)4 47l^4°fl 3*11 ^^^7} 4«ll^ ^ 33 
3, iMi<8^4*H3 4*3 ^3 ^#7^4 4444^ 4£±43 ^ v >8% v ^33 43. 
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£ 43 44334*Htt 5. 8°fl °4$\3.*\ 44^ YAG31 34*ll3 334^H34 «U43 4 ^ h>4 £ 
3, 430nm# 2:4*)-°! 500m 343 4#«fl$l vfl $4 ^s] a}7lSH4 44Jl#3 44(°ll» #3 470iim 33°l)3 
YAG31 34*1)3 443 444i) 34*H3S3., eflf- #3 3444^43 34 44 34*11 44 43 

44°)) 34 *nq 444fe «V£*0t^^V°fl^ 43 444 334 4 34, YAG^l 34*11-1- 344fe 
34iL4 ^4334*111 °l-g-«Rr 34 43 4443 433H3L, 34*114 ^7} ^allS 43344. 

a 14, 34*1143 £4<>11 4^4^ -S.43I 34 343 3£ 34*1)43 34 34*114 ^3 g^o] o. s 
333, 443 ^ **1MM ^ tt£^l**^7> 44. 

43 3444:£4fe, 344443.SLS-, 2I13343-2.H, ^4 s)H343.2.H, 43 ^4 3 4443-2-^(Reson 
ant cavity light emitting diode), -¥-71 ^S^-r^l^^^l" * -fi-7) 3^3.431-114^414 ^-°\)*\ 4^ ± 
434 444i43 37 ^33-4 4^3^ ^oflA-l a.^, D^cMiLH, eflol^n^o) i.c > eflolx^oi 
£ = , 43443 43-2-H f-3 -f 

43 ^jjTj ^4*flal Ca^43(blKr, 0^b2 ^0.6 33°)1 3.^- 2^3(b2)3 33 44344. 

333 b 23 ^lfe, 34*1)3 0)4 133 434 44443 !|^, 4431443 444£, ^ %^2\ 

b}^ 4t11 0<b2 < 0.4o| 3, 3 H>^-3]«).7llfe 0<b2 <0.333, 7RV 4434tI1^ 0.001< b2 < 0.053 4. 

4433) 134^1 4fe 471 2433 tfl 44334*1)^, 471 34 4 33 4°)13 3 £433 4445L7} <$ 
x4 4431 44 444^3, 4^*1) 44^47} 4#4te 43 3 443 € £4 334, B -344£7} 4^4 -W1 . 
43 44 

a 4-M4#£*H 333 3444^44, 44443)441- 451*11, 4?3434 451*11 4 4444 4^ 4 
<Hii 443 $4| ^-7lt44i4s ns. 44. °14 4^ -?-7]4^4, 4*1 4 44431 44# 4^1 s 9^4 
4444 4^ ^^44±7fe ^ 44a44 44^flHS., <>14 44 47l44±7K s.*) 
4£^ls ^^4 4444 4fe ^^44±7V<4 fl-^^^^-^i- ^4^714, 3. 443 44 4#4fe 4£*)1 
44^7f7> ^<H44. 

a4 4^144^4°)1 Sl^H, 4£*1144i7l-7l- 444^ 44 4443 CIE ^££<HlAi2l 44^£^(x, y)4, 0. 
21<x <0.48, 0.19<y < 0.453 ^3^. *%S. 44. 

°1 ^fg^fe ai^4 4^3431 £f^£S, 44 4£^144^7>7l- « 0 ># ^fe 4-4-ft- o] a« £ ^ ^ 

£ 44 600nm4 244 13 ! 660m ^143 ^^^1 44331- 4fe ^^^1 ^4^1* 47VS. ^alsfli ^4. 

33 43 44, 4431 4*11 4-^3.^ ^44 4 *W 44444, a|4?J ^4*ll7> a.44ss, 4£*fl44 
±x}7\ 4#4fe 43 *M 44^44 43 £44t11 44. 

£4 44 500nm 34 550nm 343 447*1 33°ll 4433» 4fe 44711 34*01- 47>S ^al««3E. 44. 

34 43 44, 44t1I 34*114^3.^ i44 4 34£ 4^ 44 A J44 44?fl «4^7> i44ss., 
4£*11 44±7> 7 > 444^ 43 4^ 44444 43 a44?ll 33, 4^*11 44^47> 444^ 4, 4*1 8 ^^! 4 
3 34£ 4^ 43 44. 4^31 34*H°ll cfl^ ai ajj^ * ^^s- ^ £ ^4. 

£ 43 4^711 34*114 43 443 
(Sr 

l-a3-b3-x Ba a3 Ca b3 Eu x ) 2 Si0 4 

(0<a3<l, 0< b3<l, 0<x<l) 

<ls. S33^ 4444 4*115. ^3fe 44 < §34*fl4 ^J3 44344. 34 43 44, 43 4^31 34*113 
^34 13^2:71-, 4^711 44 444fe 43 44^34*114 344 4°1 s)£i, 4^31 34*111- 444fe 4 
£*11 44±7f si 4> l-^ojoi h|h3 ^3 4 «4 334, 4£*1144±43 ^l^^-^ 4°113£, 3#* 
£34 €^.7> 8W, 444 4^8 ^124 4 44. 

£4 550nn 34 600™ 343 44 < S3°fl 44331 4fe 4 AJ !31 44 444fe, 443, 243 4s. 41- 43 
44 < S34*fl» 34*11 4°fl 444^4 "Us. 44. 34 43 44, 3444£47} 4#4fe M 44. 44^34 
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4 v 7l fl**** f-^-i- £fe *r4» 3.43, 7>*M, ^7) tWlfe JE.78 f^ofl «a^*^IS ^5]<H 

$7fl*Hr ?M H>£a)*|-cK 

*g#7ll#°l # ^°J44 * ^r?l-?l^» -^3-2-5. &.2.S.3., ^#7)lf^ 

* f3^ 4 l «8 : :MS!4. 44*1 #°) *^r5)<H 4ifl«Kr ojol 7151 $.ODj, ***|*-ft. Jf44 

714, <§#*1|4 <^7H 7H*M| ^4. a ^#*fl<34 S.^ Ji4 Jf£# $4| #o| £4t <r Stlfe 

41 tfl# 3<H4°1, ^#*ll# ^12) fil«B iMSsHr *H3l4. ^-7) Jf £ 

22.*3>|, ^ H]^^ 7(|JL1- ol-g-^V ^ 014. 6|^Al^, 43fi^4, o] n] 1= , J1^4 

, ^2*^*1 f-si ^11- ^l-g-m ^ sji^, m 4^4$ 5* «n^i^4 a ^ ^ei3^M°i4. 
a, ^71 ^v 7 | 7^3*** <uu<±a*M)«M t^s. €4. 

#7] u o v #4te *<>1 ^7) f-4^s.*|, ^71 $4 #4 ^>7l D#t|14 ##4^ * 

«H ^4te S<>1 4£344. 

<fr£***£*Rr 4-1-4 2* ^n* m ^ 544. 

711 1 7|£-gr ^7>S ?4*M, Aj-7] $-SHH-£*te $7) 7)# Aj-ofl qqg. ^-7fl£lBl > AV 7 ] 5!*ffl* 

*, tf4 3H£#£4«- #<34*r Wt*\3.*\ 7l*^fe 

ol ^7] 7|#£ TflM^ol^H* 5fe %o) *}%*Wtt. 

711 2 ^Sfe, ^Y* ^ v fe ^S5lH* ^7}5Z T*}^, $7] Aj-71 3*0,1 ^7)15)J1, ^ 7 1 ^^t)1# 

*^-7l a tlHl ^4. 

^1 3 73^r, ^^ u e V; t±^l-» «P1^7l ?lM>8-i. ^7>S ^7l -*7| ?(o^ iflofl ^7^ £ 

^il t£ 5a^.S.S, Tflf-^o] ^o^cf. 

^V 7 | ^oJlA^i, ^ 1 ^-i-i ^ Cf# 711 2, 7)1 3 ^Sl- ^ «V£7)1^^7V 

€2fl ^ 7W££, 7)1 1 ^ii- ^fe BjSTilt^^Hl 51*11, ^ * 

^o^ol d^- %o]7]^ t Tllf-^ol ^SfES a>^^4. 

4 V 7l ^^Tllf-Sl, ^"71 ^Ajj^^-^].^ AV 7] # A H ] ^Al^fe ^2) Aj^^ =^ 7l . olAV 1000/fln ols)- 

21 «flfl<fl Slfe S°l a>^^4. 

^^^1*21 ^^^j 50 ^ ol-AV 1000/zm c-lsl-fil ^51, £4 «WHq*Mlfe lOO^an 70Q m *8$i3- 

ff^^^Sl ^ajj ^-ofl o]^. oj7l ^^ol #efl YAG^t)]°1 %^-!Lz\ c-J^- ^0^.03., fl-^^^1 

7> %AS ^21 ^^7j-£7> ^tfl«Hl, W6*±#7\ ^Sl-fe ^-M ^21 7\q O.S^, S>3t^l**i^-7> »J= 

AJj2:2l tfjAfl ^ « 0 V#^7fl ^4. 5 44 §ol, ^^l#ol %$\ * + #49l7\^r O.S 

^^t^±^2l ^Alj ^-o] *^7 a V4flSl^ Pjgiol ^^1^ ^451714, £^ ^^71121 o) 71 0(1 ^o!^^^, 
fl-^^^171- %Alj ^21 «^J£7> ^UI.S.S., ^^21 ^^)^.£(^1S1. ^%=Bl-i-: ^^1 

^^/(^^TJl^^+^r^^^))* Y AG Til °l-§-^ #2fl2l Hi£7)l^±4» 3-7HHr 

#21 ^Afl ^Cf. 

Ci-%o| YAG^l ol*« *2fl2l «>£7llt^±7}<4 UlHoi-^, ^^2lo) ^^f^fil ^^171- Cfl#^ O.S 

^1, Aj^aio] ^^All^oi x^^^ol t\± 3C|fiHE. ^^-7)1* ^7)121°] X^Alfil ^ o.^, 
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^sflf^ 443 Sf-nA-V?] 4434 411 ^flJi^ 44^*14*112] ^Aji -g-ofl s]^o^7l 44*M ^o> 

4 4 ; S3'?1 44£4°l Whi, 34*#&*MI 2]$ 44°l 44I4 34 11 <>1 44 444°1 sjo], 

424 <9±$ 44 £4 4 344 $14. £ 4-& 444 24 4 fife 34s. 514. 44, 443 4^4 
44 *$liL4 4?144, iM*S**4N 21^:^71 4434 ^ $$4|sl 4434 44^44 4 

444^ sfls, cfl^-s-o] tg^ofl ^s)©) q-^Tii #0.3. ««S)2.a, 44S$4*H 44 4431 44 

4 -'Mm 44 %°\ 44 4444 sw. 4^7> «j4 ^ gife ^^7> &4. s& i^i 0 ,]^^ 

^o] ag-aj o.s. fH§8H 3444±44 34 44 444444 $3-5.3., 444 <£-g- ^ TjJjL^ ol 

4. 

°17H, f^44 YAGTll <§4*l)t- 444 4£*fl44±4°fH * 4*84 451444^71-4 4£ 444 *|444°-ig- 
44, 4434 ^4334*1* 4fe *§4444 <|44451£4(10~80 44%) 444tt YAG^l *§444 34 4 
^jL-g-o] nl| o. fco.£. S> YAGTl] f 444 44 444 444 44 U°l 44 44444 "9* 4 

44 44 ^£ 4444. £ ^444£1- 34 «H 44^ 444 *JL*I-jL, 44 4£ 444 ^§444^3. 4 

24 44, YAG4 ^4444-7} $4444 2-7fl(*M) 44 €71147) 4W*U, 44 7]oj5fo) -£#o] flJ£ 

4 i-^444 ?^j7 a 44444 4444 344, 44 4£444^444 44 4 44 €4. 

£4 * "34444^, £ 9 $ £ 104 444^ 44443444 4444, $444471- 4 ^4 44 444*r 

344 $445L4, 50-100 444 444434 sl^ 4£-4444i44 44444 4*11, JZ.7fl ^ $4447>4 

€41* ^44t)1 t 5lfe Aj^^ 

3^#£4fe ^ TilSS] ^ ^t^(S5] ^ ^#^)ol Jg^Tfl 7)13-34. 44*1 ^t^l 

f-21 % ^#^(s.^i ^ tA«n ag47fl ^^4"a, * ^t^2i *i%n}%-2\ s]4 

*«>1 4* *H4. 4£.^1^4±4^ !-5 :< a4 ^4°1 ^l°144. 

Aj-71 ^^^^j. 7> 4^ 7fl «ha)e|4 471 ^4^1#°1 471 4=r 3^44£42l 4 4 ^#4* ^I44£ 
4 *g^sil£ 44. 

4 t^sl 444^1^, 4* 4#4^ l 7flsl ^ ^**i44, 47) ^^44^7> 4*4^ 4* 
^=r4°1 4^711 tg#-g- 4#4fe 44^1 ^4^)1- i44te 1 7flei ^^#4, a c v 7 ] ^Mg^rM- ^ ^4 
^14* ^1^1471 m 7ixi^m- ^«14^ 444^1°H, 47) 4*!31 ^4^1^, 44^1 

(Sr 

i-ai-t>i-x Ba al Ca bl Eu x ) 2 SiO 4 
(0<al <0.3, 0<bl <0.8, 0<x<l) 

°3. ffAjslfe aj<H £ i f^ai ^4=)fe ^4^^4^1014. 

4 4^2) ^**^44 ^4^144 444^ 45L*1144±4fe 4 45^4°1 14^^-S. tH44-§-°1 4 

i 47>s. €4. 44*1 oil- 4i*11 44^71-!- °144<^ 444^11- 4^1444a1si q 

^<H4 £ 4M4, 7il2:47>7> ^-Sr 4£*11444^7)- 44. £ °14 4-8- 4£^1144^7l-fe ^eflsi YAG?il ^4^14 
°144 4£*1144±7}i- ^7l*)-fe 44* 4#4°.s., 444^1^1 44i 4444. 

471 ^<H£ l 7fls) ^444±4fe 44 7i uflAisH, 4?1 ^4*fl4°l 44 ^4444i4sl 4 4444 344£ 
4 44. 

<>\7]*\, 4 ^44°)I44 4£^44±7Vi- 4^ a444H* »°1 LED^»4S444, LEDHf-43:4, 4 
f-421 LED^7lf-o]4 LED44^1*14 4)4, 44 2^4^1(LED4Ml2]a^f- > 4^LED4, LED«144, LED€4 
44 4)4 421^1 444*U ^si^cK 

4 4^2) «Vi^lt4±4 ^4^1421 ^1^4^*, 430nm» ^44°1 500nm °142l 44^^°fl 4 44^1 3» 4fe 
44 444fe ^444^71-4, a^ 7) ^aji ^^^7^7)- «£#5]-te ^4 44 444°1 550nm °14 600nm ol^o^ 4^- 
cgrto)) ^ t^Hl- 44 ^44 444^ 4^t1] ^4M1- 444^ ^4^1144 ^«14^ 4i*1144^42l ^11^ 
4^°H, ^H 13 ^ 0 ! 3.0 °14 4.65 "1451 vflofl oJjt £ ^o))a1 ^ t4^H 44°1 560nm °14 

600nm <^14 ^^1 4^ 5lfe 4?1 44^1 ^4^14, 4tfl«)4°l 0.8 -$7] %q?H %%^s) 4cfl«14 °14sl 
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*4 vflo)l 4fe 44* 4*4fe 34*i1*W^S°fl #71 ^j^^o} 3. s|44fe ^( a ) 

4, 44 34*)l*]°l^S» ^4^*2.4 44 34*1)4* 344fe 4^04* £444 44 ^§(a)44fe Aj- 7 l 

44*1 34*)l3-4 Mg, Ca, Sr, Ba, Sc, Y, 44^4 H, Ti, Zr, Hf, V, Nb, Ta, Mo, W, Zn, B, Al, Ga, In, Si, Ge, Sn, 
P 4<HH 444fe 44i 1 *|4 ^4 0, S, Se, F, CI, Br 3414 4^4xr 34£ 1 7fl4 %±<$ ^s\^ 
44*4 4fe 34*11* 4*4fe 4344. olfc 44*4 Cd al^o] a f-4r44 

44 44, #4*1 34*114 44* 444fe 3 4*11*1 4^4 3444 34*11** 344fe 34*1*4 

°fl $144, YAG*1 34*liL4 4^*144 4* 44*1 34*11* 4*44, 44* 3 

4*m4 4* 4*1444 4fe4)4 34*14 4447> W£S, 34*1*14^4 33 4 4* 3**11 314^ 

<=4 34 f4|, 34*l*14iJ= ^o)lAi %%%]7\ f^l o^Sfl ^7^71 4344, 344fc 34*1*4 

*)l°J47r 44 4 4*H 43 44 #<U4*I 444 £fe ^J, 3Lfe olofl 7 >4* 5Jol 34. JE *Sfl 4 Cd* 

4*44 4fe 34*1, 4444*lfe 44* 34*11* 4**r£.S, #|-g- £.4" 44 44 *4*r4. 

44 *4(aHI4te, 4^ ^44 0.5/an 44 30/an 44 4*1 i-fl°H Slfe 44*1 34*1* 4*4^4 *fl£. 44. 

°W 44 44, 444i4 7j.^.o) f 34*)1 < 347} 444 4^* 4£ 34*14* 2* 4 SI Tfl 44. 

44 ?^(aWr, $7] 44*1 34*1^4 44 444 

(Sr i- a i- bl - x Ba al Ca bl Eu x ) 2 SiO 4 

(0<al <0.3, 0<bl <0.8, 0<x<l) 

—S. £44* aj<H£. i ^2i ^ijg. ^sife fr4°j34*l« 4*4 4 $14. 

4, al, bl, xfe 4444*)^ 44, 0 < al < 0.2, 0 < bl < 0.7, 0.005 <x<0.1* 4444*4444. 44 44 
44 H4 *H 4* a^-l- 7r*H a 560nm *>]^ 600nm olsj-sl ^ Sfe 1#-§- ^Srfe fl- 

-ar^^^-Sllfe, ^cflal^o] oj«V^o.S YAGTil ^^Ji4 4^1 3.0 4.65 °]^%$\ ^} 9X^,^°] 
o}7l ^oU-H %^7fl »j-#srfe %^7i] ^^olJES, 0.8 oI^Id] 7i| ^tfla^ ol§>si 

Xlfe ^1H1» #«H ^1^7-1^1)54 ^1 Ol-g.^ ^^1^ ^Tfl ^^-7j-2. 7 f 7j"^ 

°1 ^^"3^71- £7+g ^2:* ^fe =r XI 711 €4. a alSl ^}7\ ^7] ^^^4 € 3 

4-, a ^*)7> fl-7+°J^^lfil ^cilal^oi ti WlHo\±E. ^-H]7i ^^°j^7> ^7^7) 4^44^, « 

£<i€ ^51 ^^-^1## -y* ^ gife «1 2f-§-& Sr^^H ulSfl Ba«^ ^<^1 ^7l£ ^Jofl 

71 01 ^4. 

<^7l7i ^V^Sj-Tll Y AG Til 3**113 £*34 ^cflHlf' S ^ ^"^3 47iHl cfl^ol ^4$, YAGTil 3**11 

4 ^cflal^^ 2:^, 4*1 Y«| cfl4 Gd ^14*°1] 4«fl HTfl ^#4^14, ^fe 4°114 560nm o^v 600nm 0144 44 
°J2H ^ 4fe YAGtJI 34*llfe 0 J4^^s. Gd ^14^°1 *£.4, °H 7l«?]4 <1 l a ^tflHi^ 4.55» 

^44^ 4.60, 4.65, 447)- 4.7S. ^44fe 4°ll 4fe ^-4* S°14. 

a 34*lHl 0 liS 44 < a4° H 1 7>si Jg^l#°l lnm oIav lOOnm °14 «4 ifl-l 4fe ^ n 1^4# «-j{-44, 4 
3444°l^s» ^444 34*H:e 44. 4?1 2:°1^7>2i ^1 ^<H]7^ ^7^ £ ^ D n °. ^ejoj t!4 ONsW 
hs, 014 4°1 44 44 ^°fl4 444fe i°1^7>7f 447)1 34*fl2l 44* 4«H4£4 444^, 14^^s 
34*1121 «^£7> ^4, 34*H°J44 £44 34*ll#4 ^4 4i444. 

£4 ^4444°liH7> 4#4fe 4°1 44 34*ll#* f-44^4, ^ A Ji 44 34*fl7 r 4#4fe 34* 
7>444 «I4 4* 4*4£4 44 44. 4S.4, 3-3 44 3447> 4#4fe 34(4 Aj i7il, 44*1, 44*1)* 4 
44711 7H44 44 4* °J* 4 4*1 44. 

neUz 3444°1^H4 ^4 4 444, $4*344 44* 4444 44 4^^-5.4 4*4 41H 44. 

4 1 4^* ^444rt44 4 4*4* 444 344°J4s ^44 34*l^l°liss. 444fe ^4(a)4, 44 

3 4*11 211 4 i^*, 44* 44444 ^44 4fe *^§(b)* i44fe 4£.*11 44^44 42:4^ °1 4. 

4 2 4^4, ^444±44 4 4*4* 444 3 4*11 4 4s 74 4 34*)l*l°l^s. 444fe 44(a)4, 44 
34*11 ^lo)iit 444444 4444fe 44(b)* S44fe 4£*44^44 7i]a4^ 0 14. 
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* 3 3Ntf#±4*l * ^#3*. <r*14 $341 "9 4S 4^3 € $4*M°1^E5L 3^4^ ^( a )4, #7l 

<g4*H3H^m» *3<b)-& 31 444°1 ^*14fe $£*tf#±4-*l ^ls« 0 ^oi4. 

*ll 4 U-S*, $4l£*£44 4 *M4 ^^<g^S ^^£7V lPa- S °1# lOOPa- S °l*|-s| 

«S$H 5ftfe $4*H *M^S3. 3)^5^ ^( a )4, #7l $4*11 sflolAM* 35W7lfe *3(b)* 4^ a? 444<^ 

711 5 #13 £, $4«*±44| 4 ^#3*, ^*14 $34|<a43. tMS« ^^Jflol^SS 3]44fe *3(a)4. #7| 
S^sHiSf- 4^ Sl«fl 34*l7l^r *^(b)* £44fe *2c*tf#±4-*l X|2:^0lc).. 

711 6 WZ, 3H^4±45l * ^#£-8:, ^*14 ^^1<34S S^^M^es. 3]44fe *3<a)4, # 7 1 

*84*M°1^H» 2 aVAl7l^ ?lfe ^(b)-§- £44fe 4£*)144±42l 7llS4>?H4. 

£ 7V44 4 $*434* e^Al^l 4^ <&Jc*tf»Sl4# <*7l $14 •S-'fl 4 

43 4-3 *i 9X 4. 

7)1 1 ^<a£, 430mn* a4«H 500m «>1*>S1 4# < §^H ^ ^ a 0 V§^ 3M44h£43 q°]5, 

4 44^ £ 4fe 4*13- 2-7114 4^) $#*||!- 444*r $#*l|$4f- 4fe l *§4*NM^ 

SS. 3)44^ 4^(a)4, *3(a) ^4 #7| 4 1 $4*fl5lH^S», ajojs. 4fe 4*)* 4«14 D 1 # 

71 4 1 4*N<>1 AE jit)- A^ 7 ) 3.4^ ^. £7 ]. u^o. ^ g ^^SfloliES. 3144^ *3(b)4, #7l *| 

1 S ^ 2 $4*fls)M^Ht- 344tt 43(c)-Sr £44^, #7l *3(aWMfe, 471 $4*1)3.4, #71 34 
«*fc47 r 4#4tt 44 4444 550nm <>1# 600nm 0I43 44<8<»H ^ f^al 4fe 44 444tt 44 
711 $ 4*11 °H ,471 44*1 

(Sr i-ai-bi-x Ba a i Ca bl Eu x ) 2 SiO 4 
(0<al <0.3, 0<bl £0.8, 0<x<l) 

SL3. SA]s)^ ajo].£ 1 f^o} Ifff 4^3tt Tr-ftS**** °144^ 41H4. 

Til 2 4*34, 430nm» i4*M 500nm °14sl 4# c S < 3 0 tl ^ Sfe ^ ##3Hr 34^±4^1 ^<Hi 

t %^7il ^#^11- ^^-a^* ^4^171^ ^(a)4, #7] ^( a ) ^ofl, £ fe 

°il ei ^ #71 34tt±42l ^ 314^ ^^(c)4 #71 ^AH- ^4^171^ ?-^(d)^ ifl-^, 

#7) ^(bWHfe, #71 ^^l5.Ai, ^7) %q>£%±7.\7} ##4^ ^t4°1, 550nm »1# 600nm ol^ 

°1 3K><3°H] ^ ^3131- ^ #1- ##*Rr %^7l] ^#^11°H, S^7l 4^ 

( Sr l-ai-bi-x Ba ai Ca 51 Eu x ) 2 SiO 4 
(0<al 0.3, O^bl £0.8, 0<x<l) 

SAlslfe 1 ^ o) ^Sl^r ^-#^^^^1* ^l-§-^fe #^°14. 

°1 3^-, #71 ^(aH7l^, Aj-7l %A«7fl *§#3]<3aH- #7l 3^^#±xH ^el^ Sl^, av 7] ^( a H 

7lfe 3^t#^7fl-, %Afl7)l ^^f. ^^l^^VfiJ- #-frSHr «^°J1«=H1 ^, #71 -g-nfl 

» ?l^l?lfe SI 4. 

711 3 #H£, 430nm» ^44^ 500nm 4#^^<Hl ^ ^#3]Hl- ##4fe ^^^#±4^ 

t ^4^1 ^#^11- 4"— ic. cfl^i^ #^°1 i^<Hl 44€ S*«l^44, -f-^^l* ^ ^ 

^^loliE s 3144^ ^^(a)4, #71 ^^(a) ^°11 #71 ^SMH^Ef. ^4a]71^ ^-^(c)^- i«-4^, #71 
^^(a)o|l7-lfe ^>7l %^?)1 ^#^1^7-1, Aj. 7 | ^Ajj^^^j. «v^^^ ^-i- ^4°1, 550nm »1# 600nm «^142l 4 
#<33°il ^ ^ v #3l h« ^ #* ##4^ 4^711 ^#^oH, 471 44^1 

(Sr 

l-ai-bi-x Ba a i Ca bi Eu x ) 2 SiO 4 
(0<al <0.3, 0<bl <0.8, 0<x<l) 
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££2} gig 
£ 1* * ^ l 1iH*§<3)2| i 4 tt£*0<a:*i^ f^£. 
£ 2^ * tf* a)1 l ^1^21 XI 2 tt£4W£4*l 
£ 3* * ^ XI 1 ^1^2) ^ 3 o| «V£*11 f^3£. 

£ 4^r £ X| 2 -*J4$*I|S| *H 1 ojl ^^-^o] S^V^o] ^Aj-g. 7l)^ 0. S 444^ A>Al£. 

£ 5fe * % 2 ^1*§eJ]2} X| 2 i sH-£ A 14*l2] ^Aj-g. O.S. 44vflfe A>A]£. 

£6^^-^X|2^Al^Ello 1 ^30fl ^Aj.^]6l 3fl^iAl^l^ ^Aj-g. 6.S. 4^^ A>Al£. 

£ 7* *2flsj ^<3>g£3. <&£*im#£*}-s] ^Sl* 44^flfe 

£ 8* t^JS ^ YAG7}) *g4X]sl c^ 7 )^ a-^e^s). uv^- aS]e^ 44^ir 

£ 9^ £ 7°fl M-Ef^B ^H^**^^ a|4-¥- 4£^2-» 44^Tr 34H n l34^ E ajt|.. 

£ 10* 4tfl£# 44^ 44^ n 1344 ici4. 

4 ±$ *£S] 44*flfe £. 

£ 12^1 (a)-(d)fe X| 1 T^HH^ Bl£^^4i^ 44vflte #££. 

£ 132] (a), (b)fe 44 4313. X| 1 ^Sfloflsl Xl2^°fl $,33 Hi£Xlt4£42l Aj-tgjE *J 

£ 1421 (a)-(c)fe All 2 ^XMH 5a<H-H 4£*)1114£4 X|S*3 ^ 34^3-* 44^ 44£. 

£ 1521 (a), (b)fe XI 2 74] «W SH-M 4£Xm4£4 AflS^-Aj ^ ^apfg-fr 44M)fe c}^£. 

£ 1621 (a)-(c)fe All 3 ^a)H°)1 a1°H *H*1&#£4 X|2:^ f> i+Ehflfc 44£. 

£ 1721 ( a ), (b)fe 4£X|£#:t4 Afl^>§-^^ Tfl 1 -7-SflaH 4<>H a*44*£ 7>4fe 2 7>4 ^-g- 44 1+3. 
Mlfe J§^£ 

£ 182] ( a ), (b)fe 4£a)M4£a1- Afl^av^ si XI 1 ?*M<* $144 i-frs^^ 7 >4fe 2 7>*1 4^* 44 44 
^1* ^4£ 

£ 1921 (a), (b)fe 4£X144^4 Xla^l^ XI 1 ^X|°i](S. «a^^)°H42l 4*1* Aj-s^aVAl a!?]^ wj-a] -g 4 
4^ 3 §'3£. 

£ 2021 ( a ), (bHr 4£*fl44±4^ 4 2 ^*IHH 44 Xl^^ ^ £ 1521 (aH 444 ^*iHH, 4*1* Aj-^aV 
4 4^ "S21 4Efl£. 

£ 212) (a)-(d)fe f^S} ^^-Xl7> ^Aj-^ aflAjj ^^^17>^A1 ^o)l 5<asj-7ll §4€ U S V 4^7ff- 

alH47l ^^r 

£ 22^ ^4^l2ll 0 liS £#aj-^ u>^3]^ ^XHl- 44^1^ 4-a£. 

£ 23* ^^ofl ^AitiXAi 141. 44MH. ^^44XAj 4 £ o} ^Tfli- uf^ifl 
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£ 25b 44<3 $4*114 44°l] H44, 344* 4*44 34 $7}$: 144 44Mlb £. 

£ 26^ (a), (b)b 44 431-S-, Ca4 Ba* 43 4*44 4b (Sr 0 98 Eu 002 ) 2 SiO 4 $4*fl S <^44 443 
Til Sr 2 SiO 4 4444 4 X4 3 4 

£ 273 (a), (b)b 44 Ca* 44 4*44 «Jl Ba* 444-2-ii. 5 €4% 4*4b (Sr 093 Ba 00 5 Eu 0 

.02 ) 2 SiO 4 $4*)1 S ^44 44331 Sr 2 SiO 4 4444 4 X4 34 Jfl^i. 

5. 282] (a), (b)b 44 Ca4 Sr* 44 4*44 4b (Ba 098 Eu 00 2 ) 2 SiO 4 $4*H 55 ^44 443 

4 Ba 2 SiO 4 44*4 z| x4 3)4 4 £51. 

3E. 292] (a), (b)b 44 4*03., Ca4 Ba* 44 38 44%, 60 44% 4*4b (Ca 038 Ba 060 Eu 002 ) 2 SiO 4 
$4*11 $ ^44 443 *| Ba e g Ca 0 7 SiO 4 44#4 2J- X 4 34 

£ 302] ( a ), (b)b 44 443, Sr4 Ba* 44 4444 4b (Ca 098 Eu 00 2 ) 2 SiO 4 $4*11 ^ t44 £43 
711 Ca 2 SiO 4 44#4 4 X4 44 44£. 

£ 3121 ( a ), (b)b, Si4 <347} GeiLiS- 444 (Sr 0 84 Ba 0 14 Eu 00 2 > 2 (Si 0S Ge 02 )O 4 $4*11 g 444 
443 4 Sr 2 SiO 4 44#4 4 X4 44 4^. 

£ 32b Ba 444(a3)4 4# (Sr a98 _ a3 Ba a3 Eu a02 ) 2 SiO 4 $444 44^«?^^i. 

£ 33* 4 44-2-3. 5 €4%4 Ba* 4*44 Ca 444(b3)4 4* (Ca b3 Sr 093 . b3 Ba 00 5 Eu 00 2 ) 2 SiO 4 
$4*fl2l 44^ajE^ £ . 

£ 34b Ca 444(b3)4 4# (Ca b3 Ba 0 .98-b3 Eu 0 . 0 2 > 2 SiO 4 $444 44^4^ 5L. 

£ 35b Ca 44443)4 19 €4%, Ba 444(a3)4 24 44%4 (Ca 0 19 Sr 055 Ba 02 4 Eu 002 ) 2 SiO 4 $4 
44 tt^^S^S.. 

£ 36* (Sr 098 . a3 Ba a3 Eu 00 2 > 2 SiO 4 $44(44<3 $44)4 5U44 444 3)34421 Ba 444(a3) 2] 
^3* 444 b 5L. 

5L 37* (Ca b3 Sr 0 . 93 -b3 Ba 0 . 0 5 Eu 00 2 ) 2 SiO 4 $44(44<3 $44)4 SM4 44 4 43444 Ca 44 
4(b3)2] 4^3* 444b £. 

£ 38* (Ca b3 Ba 09 8-b3 Eu 00 2 ) 2 SiO 4 $44(44<§ $44)4 5i°H 444 4^444 Ca 444(b3)4 
4#3*444b5L. 

£ 39b Si4 «JJ?-7> Ge<L5L 444 (Sr 084 Ba 014 Eu 002 ) 2 (Si os Ge 02 )0 4 $4*11 4 44^4^3* 4 

244 44 444b 

£ 40* Eu4£(x)7> 4 e) 7I-42I 4# (Sr 4 _ x Eu x ) 2 SiO 4 $444 44^42=3* 4^44 44 444b 



£ 41* (Sr 0 . 95 -x Ba 0 . 05 Eu x ) 2 SiO 4 $444 44^4^3* 4^44 44 444b 5L. 

i 42b (Sr !_ x Eu x ) 2 SiO 4 $4*114, (Sr 0 95 _ x Ba 005 Eu x ) 2 SiO 4 $444 ^44 4^444 Eu*£ 
4 =£3* 444b 

£ 43* $4*114 44434 4443 4H44 444 44 444b i£. 
s. 44b $34 ?4%4 4£4 47111- 444b £. 
£ 45b $4*11 4£4 4 444 4711* 444b £. 
£ 46* $34 4^4 4 4444 44* 444b 
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£ 47* 4^4 ^5L(x&)2) 34|f- 44H)fe £. 

3E. 48* YAG^l ^4*fl4 44^ ^4*1]2) ^tflH)44 ^"£4 3)^442) ^7)1» 44*flfe 

S. 494 3HLED4 443 344 "US), ^m^liHl- 44 7fl 4rr 3M2)sl a}.,^ 44^ 3g 

4£. 

5. 502) (a)~(c)Tr 7)1 3 ^lS'g-^sl A 1 oH StW4 *)l24^4 44M)*r 

£ 512] (a)-(c)^ 7)] 3 *H£4>gs) ^1 2 <-H 4<H4 Tfl^^-I- 44*-))^ 44s.. 

£ 522) (a)-(d)fe ^1 3 7ll^4«]sl 7fl 3 «W 4°14 2)12:4^-8: 44M)fe 

£ 53* 443 ^4*1)2) cflS^j 44 .g. ai = ^ 44vfl4 £. 

£ 54* YAG31 ^4*ll« <>)*4 ^£^1**41^, 44<3 °144 3£44°)1 tfl44 

4*14 4^HM3« is. 44^4 £. 

£ 554 45131 44^421 44<3 ^4*H 2^144 434 -f 2:4^144 °1444£« ^^fl^i 

4<34 44 444 i^. 44^4 s. 

£ 56* 443 ^^LED» 4*14 4£*H44;A 1 4°) zf.g.s. 441^ £4£. 

£ 57* 443 ^aji led <4 cj-^ tg4*ll#4 4«l4 444*13 ^21- 44^4 44£. 



4 A ) °i] 
-»1 1 4*1 ^34 

°14, * 433 4£*1144£4 uVi^yV^^o] ,y) ^QjAj o^Vajofl ^)] l ^Al^Eflofl cfls)-^ 

4^43*1 4^44. 

5. 1* * 4*13313 cfl£34 <-ll4 ^ 1 <^]2] 4£.*1144£4 4445.0)4. £ 16\] 44^fe 44 £ol ( 

1 413 4£*1144±44, *HM4°1.2-^3.4 7)44tt 7l4(4)(7i«4*S±7l-)4, 7l4(4)4°)l 7|4 tfl 7^4013. 
= 4 ^7]^ O.S. £44 WE. %%%% ^JjLED(l)4, ^LED(1)3 434 4°J4 : 4 4^1 ^^-^1<3^> 

(2) 3 2.7fl(13)(44^47l)3 *4*fliS. 4 A <34 34*114(3)4 4«14^ 33 l^^tti^)4. 3HLED(1)3 
4 4443*, £ H 444 43H14 34-*iiL 444, 34*114(3)* 4 4443. °-.SL4el 443fe ^Ajj ^-o] f- 
444 3*H1 3*344. 

£ 2^ * ^Al^Efl^] o^oIa^ ^ 2 oi) ^^mt^s] ^^-^ £ o|cf. £ 2°1| vlEfxflfe 44 ^1 2 °i]2l 
tfi4r e]H = 5ll 0 J(5)4, HlH = e)]"a(5)sl 4*S^Hofl ^aj^ ^(6)4, ^-^4°1 C H 0 11 3*11 e)5LH5)l<y(5)4 
7}% <L3. ^ ^(6)21 ^7.1)^ ^ ^LED(1)4, ^(6) vflofl ^^£]^, %aJ1^ ^^^014(2) ^ 

2-7l)(13)(^l)2l *^-Afl°l ^#*fl#(3)4, ?1±*4%(5), %%$)%(3) 5 *^4°1^1- -g-^sRr *«^4(7)* ^ 
«14^ i^:^ £5L*i| , t^7,M C K <^7]Ai ^(6)S] ^s.^ ^^* #-§- a J44^ tV4^S.4 71^-^4. ^^1LED( 
1)2) ^ t^#^*, £ 2^1 44-d ^-Efl°114 4^^.s ^4^, ^^^#(3)* ^ t^-s)^ ^Ajj ^. 

°1 *44*^^1<H1 ^ ^€4. 

£ 3* * -IH^eW $a t H4 ^i] 3 4] ^£^1^^421 ^^^£ol4. £ 3°fl 444fe 44 £<>1 ^1 3 ^2) «ve*|] 
^•^7>fe, 5.4-^-1- 7>4^ ^€ ^4^11 ?fl 0 l^(8)4, ?flol^(8)si ^.4^. mh ufl^i^ ^ a^led(1)4, -2-4 
■¥•2] 7i£ aj.o. s .«e| ?flol^'(8)2l 4-^# 4f-4^ 2^3. °J#€ 2) ^-^#^4(51, 52)4, 2l-?-^#cl.7H51, 52)4 
34LED(l)2] 4s. ^44fe €-34°W4, ?i]°l^(8) %WQ*H2) ^ ^44 

*^sfl5. ^€ ^^l#(3)* ^-«I4* ^£^1^^71-014. °1714 ?fl 0 l^(8) 5.4-?- 21 44 «V44 
i=. a_U].^o.s.4 7)^-44. ^4LED(l)2l ^ 4^#£* 3E 3°fl 44\S 4Efl°fl4 34-2-3. ^4°i, ^4*11^(3)* 4 
4^#^^.s.4e] #43^ ^aji ^-oi f-44^ ^^|ofl ^aj^4_ 

5. l-£ 3i 44 44M! 71) 1 cfl-^l 3 oflo] avt^l^^o,] cj,o\X\ ^4LED(l)fe-, 430nnil- 2:44°) 500nm °) 
42) 44^^o)i ^ ^43)34 4* 44 4#44 LED°U, 4^)71) ^4^) < 37K2)4 ^^LED(l)7)- 4#4fe 34 
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41 444°} 550m 44 600nm ©I 44 44444 4 444^1 44 ^41 4444 *g4444 444(3) 

* 44 *i ^44°J4(2)i 4444 iw^ow. 

4 444 3444±44, 4 44*14444 3>y)LED(*j4444©l.$-H) 44, 44444-2.51, 444 4444 
<>1£E, 44 1 a] e = mii^ ^ -fj-7] 14S3.-t- d 144^i4 ±4444, 4:E444±4 

4 3. 4344 44444 ^<HlAi -g-i}^ ^cj.oliLH, 4444°RH, 444 44*1 44£H f-4 4444. 

4 444 4^444±44 34LED(1)4, 4 34LED(1)7> 444r: 41 4444 550nm ©14 600nm ©1 

44 44^34 44431 4fe ^41 444fe 44*1 *8 44 S3 4(2)1 4444 ^444(3)1 2:444 ^ 

51 4 4£444±444, ^j4LED(l)3.44 444 44 147 r 444(3)4 444 44*1 44 °J 4(2)1 4 
44^ 34LED444 4# 444 441 44444 4^ $*j|7} 444^r 444, 44*1 ^444 444 
SH #^5|^ 34LED44 £444 444 44©1 7 r 4444. 

444 ^JjTfl i§4;<11 ©J 4(2)4 444 ^(l)os £44^ 44H ^15. 44 4344 444$4*(I44. 

(Sr 

l-ai-bi-x Ba al Ca bl Eu x ) 2 SiO 4 (1) 

4, 444(1)44 al, bl.xfe 44 0<al <0.3, 0<bl <0.8, 0<x<l 444 $1^4*144. 

©1 44^444, ^4 ^4441 4444 444*1 444£r 44 2*1, 1342:3.4 443*14 
443*11 34 4 444, £ 4^4 4£.444±4444, 34LED(1)7} 444^ 44 41 4444 550nm ©1 
4 600m ©142) 44434 4 44431 sfe 441 444^r 44*1 44444 34 4444444 134 
A r 43*14 £43*14- 443*] 4 4:= 444£ 44$ 4. 

444, 4 "3 41©1 1^1 44 44 4.44, 44 4£ 44*1 *§443£r 13421 44 444 44 

4(2).2.3. i43fc 4411 44^ 44 4344 44°J*§444 4344. 

(Sr i- a i- b2 -x Ba al Ca b2 Eu x ) 2 SiO 4 (2) 

4, 444(2)44 al, b2, xfe 44 0<al <0.3, 0<b2 < 0.6, 0<x<ll 444 4^ 4444. al, b2, x^ 44 0 
< al <0.2, 0<b2 <0.4, 0.005<x<0.11 44*14^ 4*1 °J ^°1 44^144. al, b2, x^r 44 0< al <0.15, 0< 
b2 <0.3, 0.01<x< 0.051- 44^71^ 4*14 ^°1 ^-4 44^44. al, b2, xfe- 44 0.01<al<0.1, 0.001^ b2 
^0.05, 0.0K x < 0.021- 44 A l7l^ 4*1 °J c14 44^44. 

444 44 44 44*1(2) 43 al, b27> 47I «S4 MliL4 44 4*14 2:4°M4 44°J^4^14 1342:7> 
*43«tl^ 4a>3*14 1342:1- 5L4471 4^-°-^, 444E°fl 44 4443 °1 ^444. 4^, ^4 MlJiL4 e 4 
^14 2:3°IH4 *m 13^71- A]-«v^ Til o)ci4i, 44°1 4^ ^4 *\°], 4^4 4^*1 ^4^171- 4*1 &i 4 
^7i] ^4*fl7> 47I ufl4<4 *j^LED4 ^4a14£ 4^°1 4^4 4£^1444:7l-5. 4*1 4fe4. £ Eu^7l-4 
(x)©l 44 >S4 M1.5L4 44 4*14 ^o)]a^ 444£7> 444 ^ 4*14 a3o)iA^ Eu 2+ s]^ ^-s. 
^4°14 47l!4°fl 4*11 444£7> 44 ^4 444, 444^4 444 4^11 444^7} 444^ 4i ±44 
4^ll7> 444*1 4^44. 4 4^ °l|Ai oi^.^ 4714 44 44, 44°J ^4^114 444^ 4 

^*1 44 ^1 4£7} 4444, 44 44 «14 44 444fe 4£^144±4» ^1^-4 4 Sl4^ 44°1lAi, 
*1 1342:1- 4fe 44°J ^4^114 44444. a 44°J ^4^14 1342:1 434444, 444^1 444 
4 4*H4, Sr , Ba, Ca4 °J41 Mg44 ZnAS *)44« 4£ &4. 

S4 44°J ^4^114 4444 *1144 Si4 °j41 Ge^s 4444 4£ 5i4. 4, 4 444 4^444 

±z\l=, 444 44*1 ^447> 444 444(3)^s S4s] fe 441-4 ^s. 434fe 44°J ^444 4^4 
44±4 0 14:£ 44. 

(Sr i-ai-bi-x Ba ai Ca bl Eu x ) 2 Si x . z Ge z O 4 (3 ) 

4, al, bl, x, z^r 44 0^al <0.3, 0^ bl <0.8, 0<x<l, 0< z< K4t44*l^ 0< z < 0.2)4 44444 4*1 
°14. Si4 141 GeSLS. 4444 444£7 r 3*1 144^ 344 Ji44^ 444, 44£ Ge *144°1 20 4 
4% 4444^ 4 444H7f 444 4^ 4HS44, 444 4 444 °il 4 4*1 44. 4 4445L 444 
4344, Ge *144(z)4 4444 4°-4, z4 44^ 0.21 ^444 ^4 444 44^ 44 44444. 

a 4£444±aV 444 44344 ^.44 44°.^, 41 14 34LED4 ^4 444 44°J ^447 r 444 
4 44*1 44 4444, 44 600™ 4 a444 660nm 444 44444 4 44431 44 ^441 ©14 
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^5. s\ oj, £4 444 £©J 42.3 o. S) ofls. s-o] ^a^led^ 34 ^ 444^ 44 5O 0nm <>14 550nm *142l a] 
4£ 44<32H 4 4fe 44*§4*IH- °14*l|£. 34. 

o]4 ^ ^Ajj^^u). ^Aj|^^o| ^ S o)l cflSfHSl, 4 ^Al^EfloflA^ o]44 ^flsoil s-s] ^Slfe 5Jol o}v|4 

47] 44*3. 4^3 *o4*)14£ 34 47)4443- 48 € *I4*II4:e €4. 

a <>i^**ai^ni*^m^fl*^ °i-8-^°ii cfl«i|A-i£ ^.Aj^^E))^ 4^5^ o>q^, on- 

^%n(^%^m ^7>S 4fe 451*1144414^ 4^3fc 34. °1# ^4*fl*7 ^4*fl# 44^51 34 

^4*1144^ 1£S «fl^l«fl£ 34. -*7l 44 444°! 34 3Efe 44 »v#,§, >Jf^££ ^Sl^ S\JL, $ 
4 #ol a^s. <g4*)l#4 444*4 4^ 34. 

<^7H -8-71 34 343^^ e|f. £oj 444 D H)4j]i £^ ^SS^Hl^ ^ &s _ CaS:Eu 2 

+ ^§4*114 SrS:Eu 2+ ^4*11 ^-o]^ ^f- s-ol ogs^ n-246510± °J47l| 2000-63682^ 4J2>W 

7flAl^ 5)£4 4*114 ol 4^4 444^ 4*14^4 f>m, 4* *«H <y-^7fl 2001-2676323: ^iL^l 7)1 

*1€ LiEuW 2 0 8 IW l-ol °)4. 

olfij- ajAB^^ 0)44,3 4 > 7 1 4£*|144£4, S^l aflA^Ti) ^ 444^ 4£3l 44^43 3444*34 

4£7> 44£U, 14^o S 2 ^ 4°HH 343 *4WJ* M-3-M14 44914 3 |7>^S. "g^laL, JIS Z 8726-19 
90°1) 7]$%. R94, 4?1 JIS Z 8726-1990<>)l f2£ 7l*||3 4<8«J lgajBl(Ga)!- 4U 4 544 °1# *147> 44 

4 4444 4 sa>n €4. 

a 4?1 44$#*0Sfe, o|# ir<H 444 D 41l*3i 7|B. £fe ^Ss.jp.nmuji *|s.3. fla|4 SrGa 2 S 4 :Eu 2 
+ 34*4, 500nm 600nm <>143 ^-^-^ ^ °fl 443H* 4fe 344 4444 443 44-6] (4)°.3. 1^1^ 
44*4 4*113 4433 4*04 flt*. 

(Sr i- a3 - b3 - x Ba a3 Ca b3 Eu x ) 2 SiO 4 (4) 

4, a3, b3, 44, 0< a3 < 1, 0< b3 £ 1, 0<x<l4 44*1 ?lfe 4^014. 

°^H, $7} (Sr ,-,3-m-x Ba a3 Ca b3 Eu x ) 2 SiO 4 44?J34*ll£: %^7)1 « 0 v#*}fe ^-71 fl-^9j^^ 

oil ?i<H7-i, 2:iM4 1^^2:7> 4* #?1 S**fl«>14. >fl**0 ^^1 tt* Tf^S^^l #^4 i" 

^* ^4. 44^1 ol *r^«* fl-^^^l- ^71 %Ajj« s v# fl-Avoj ^#^]4 a^i^ oi^-4^ 3 bv^^ 
#±4^1 ^^4°1 4\i All^^ f-ofl °i<>iA-i£ a.4 4^21^ s«l €4. 

£ €4^ , o-#4fe 4£^^±4» ^1^471 fl«H, 550nm 600nm o^sl 4^-oJ« o1 i 4fe 

%aji^i 4#4^, 2:Ajoi a^s 4= 4^21 a^ 7 ) ftx^$*xu- ^^i# ^ofl 4-^4^4 ^ 544. °1 fl- 
^ « 4^sm| 47I %^^1 44^^* ^7)1 7lnl4fe 4 #4 <r ^4^1°lss., °1 
fl-4°J^^» 4^r #4 ^4^1^ o144a^m), ^Ajj LED7 i 4#4^ 44, o] 44«g^4^|7> 4#4fe 4 
AjjTii 421 7Hi oisfl 1^5]^ 471 4£^(I44^4, 4«1 ^4 4*4^ 4^144^4 4^1 4 s4^^ 
»^«4 5i4. 

a 4£^1444i44 4#4fe 4^1 4^, 4«l «i^7fl 4^1 4^ ^<H4fe 4^ofl>Hfe, 47l ^4^(4)o.s. s.m 

^4#4 ^osn £ 4^^ ^#^)14^ i£Aj ^oiia-1 4=, 2joi£ 1 4401 fl-4°^4*fl» ^4^114 t 
o)l ^7}-s. 44*1 71 1 ^01 jl4^°14. ol 44"9^4«lfe %A a3 ^ b34 sl^ 4^1 ^^l^ oi^a^ $4 
4 °l7l 4oflA-l 444^ 334MDJ, ^401 ^4^01 2-Aj^. 4^0.^, 505~598nm ^£^1 ^^8r 44«fl 
44^13 444 44fe 5J«>1 7>44 ^4^°14. °14 44 ^4^1» ^4^)14 4°)1 47>s. 44*171^, «i£^144 
^47> Ht«lr 4^1 4^4 ^^LED7> 444fe 44, 4^^1 44 4«4fe : 3-4°J^4^sl 4^7)1 44, ( 
Sr j-aa-ta-,, Ba a3 Ca b3 Eu x ) 2 SiO 4 44 , S^4^l7f 444^ ^4*fl, 4^1, 4*4 4 ^oii i 711 

44s) 7}aji, 4 ^ois 3 44 7H*M ol4°l^^ 44°i sJhs, 4£«(I44±47> 444^ 4^1 44 
si ^tfl4 7>444. 

5^ s>£^44ii4 44^1 iL447l 2ia(|£.i-3E.34<H^ 44°fl A 4$. 4£^44±4°fl 5*°!^, 

CH 443 7144 34LED4 2:4*1^£ €4. 34LED34-E1 44€ ^4 ^4 ol44cj, a.4 4440.3. ^4 
7>44 Cr447) 4 03.4^1 ^4 44 t4*l ? J 47} 5U4. oi^ ^ap leds .«e1si ^ajj # t 44<S^ 4^13.4^1 
si 44 4 Cr447l4o.s.4el2i aiA^ #401 ^Ajj^ofl sisfl, ?j^aj ^o. ^ ^.#ai?j ^ ?i7)| ^4. 4, 
4 £14 4334 £4*o 4 ol'S ^Eflsi 4£^44^4°ll£ ^4 7>^44 4^<>14. 

44°J^ : t>ll^ eflo)^^^. 43AI oj_ £ H. 5L a.^ 7 i (o))1 . E.oj LMS-30:4^1^4 ^ol^l^H Sl4 9JS.4S3 
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4*04, ^4 «344 0.1m 44 100/an <>mtl 344 $£444, ^§44 442] 444, <342l 444, ^4314 
^-^^1 -g-ol*v 40] 44°1H, 0.5pm 44 30pm 44, 4s| ljaB1 0)4 20pm 447> 44344, 2pm 44 10pm 444 
Ji4 44344. -gs^-i 0 !] ifl«fl-Hfe 0.01pm 44 ^ iooOpm-1 °J4» 4443 4<l4 #444, 44 

«344 o] o-oflAi, 444441^ l^m 44 50pm 444 "84 MH4 >§44i°ll ^44 ££f- £fe fl^S^ 
aj7i- 44344. 

44 44 fl^l^afl-b, #4 4#4 44(J.Electrochemical Soc.Vol.115, No.ll(1968)pp.ll81-1184W 
t^'J^S 4 44. £ 4433) 4£*)1444i7}2l 44°3*§4*ll ^lS^ofl tfl«|4ir * £443. 

44, 44^4*1121 444 ^44^14711 4^44. 

5L8£4 43<§3HH 444 443 44°J34*)l2l 444 ^3S3(44 < 334*ll7l- 444fe 44 ^4^4 
34) ^ 44^^34 INI* 44^Tr £o]4. S. 8°fl^r, «|5L» 4*fl YAG3] *§4*fl4 444 i^S^ ^ £4 

^3^34 <gafls. 4*1] 44^4. 

£ 8°fl^1 4 4 4fe 44 44, YAG31 *§44|7> 100nm~300nm 4e, 300nm~370nm Ye, 370nm~550nm 454 3 
7||±o)l a} 7 )4 3}H* 7}34, o|s. 443 44.33 ^4 44 £^44 550nm~580nm4 444j~3g-Aji 44^ 
4443* £fe 44 Til 344 4*4fe 34*H°v] 4*1), 44<S34*)lfe 250nm~300nm 45-<Hl 444 4 
3# 7Hnj, 100nm~500nm4 44134 ifls] 44 *444 550nm~600nmCE. 8«*4fe SHI* 47)1)4 444~ 
*4~£S44 ^-^"^ ^ <=H1 444 3» 4fe 44 ?l] $44 4#4tr 4431 34*144. a 430tm* 2.444 500 
nm 44 34 4(444)4 «HH£| 44<§tf 4*|1°| ^7j- £ ^. tj|^s #ob|, Y AG 7)1 $4*1)4 100~30%3, 
4*]^ 7 ]7l)44 4444 44 470nm4Mte Y AG Til $4*11 444^4 44(50%)4 ^£ 4 4 44. 

444,4#4 4 (D^r(2)^4 al, bl, b2, x7V±34 44134 ifl4.24*£fcT?-4 , a$44l4iS, 44 U 

t^ a -|5|» £ 8 o|) ^Et-ufl iSjE^ ^-A>^ T^O] 

fl-^^^fe £ 8°fl n o,}7l# iaje^sf iaie^sl ^sill- i+Ej-tfl n>s). ^o], 250nm-300nm Ye^l <^7l 

* JflHf 7M^, 100nm~500nm2l Ml 550nm~600nm^ ^•^•oj 
^ol] ^^Hl- 5Hr %^7ll ^#51-^ %^7)1 S^SMils., ^^LED^ a^l?]^, ^^LEDS] ^aa ^4 

%^7il 7H«fl ^ «o V #^ ^£^l)^^7f7> ^4. 

£ TKb^^fe £ 8<H1 °J^)S.4 44^ fl-Aj:<M^^|4 yagt^I ^^^Sl o^7]^ ^Eig-g- wlH4<^ <^ ^ 01 

tt 44 ^-©l, 430™* ^44°! 500nm ^ ^"H 7l^)sl ^4 4°H^, MI-t- °Mit^ 

xloV ^Ajj o^7l4^ ^4#°1 £71 nflS-ofl 4Y 0 o l 7)-jL^ol ol#4 ^4JL^-(S]-¥- <g=45L#)<>l ^ ^^-sfloi 
4. °H» *<H °^7l^ 470nmS.^- Y AG 31 ^#*11 7j-£4 ^ a J: ^^4°11 w o v #44 ^4. 444, °fl» #4 3MLEDS1 
^4 % A ->l7ll ^^4 *q 7>4°11 4« u o v #4^ «14 ^4* ?ii7> 

«* ^-f, YAGTfl ^ %«n* °l-§-47li4 fl-^^^l- °l-8-4fe 4°1 «*«II4 4* i *4 S4^£, ^^^11# 

^^1*21 Y^l ^^o) -a^^jo.s. 344HiiL, a^sn q *««*4 £5i*l)t#di4» =r 514. 

£^ ^7l ^01^4^4 01^.40^ ^4^)i#* $4$ ^Efls) YAGTi] ^4^)1* 4** ^#*ll#si ^ 
^4 ^^^11* ^ ^^1°J7)-21 ^7fl^-i7l- aj<H^4. 0^714, YAG31 ^4^1» °l-8-44 *3£>ltt*i41- ^ 

* 3-*4lfc ^ : t^l 0 t ]7^i^7> ^#4fe ^^^1^°1 =1^1, 4t*II4 44 1°1, 143.5-3. ai^Til 42I 7 <J-£7> 
4^ $2-3. 44fe ^7fl7> t^«:4. °14 1£ €°J^sm| 4£7> 444fe t^lfe, YAG31 ^4^1* 4*« 

oil ««« t^§4fe *^7V 444, ^^ < ?I44^7> 3#4fe ^^1#* s>£^l^4^4°ll ^-f^^-S °Hsl 
fe^l°14. 

°H ^4^314 ^£.^m^±7V4 ^o] ^4^)1^^ ^aj s ^^. 4^4^, ^4^1*347} 5^4t11 

^421 Alj l-5°J^ol 4£^l^±7fl- 4 ?J4 ^714, 4 ^Al^Eflofl 

^^^^11- ^^°fl ^^1# f 1 S **ll^44 £7fl£3L7> ^44fe- 4-fM t««l^fe «7fl 34^0] 
4^1 ^. 4^14 «fl^44 ^°i4. 4, 3<H£ ^4^114 «r44 4**>7> yagtJ ^^4 ^44 4^4iL4 4 

44 3°1 471142. 5i#^r 4444. 

°14, ^ 4ai^e)]si 4s.^1^^-±4 f'S) ^4^1*°), ^^^44 s.^ 4 4^1°ll ^4 »1h^ ?°j47ll €-44 
^£(43^)1- 4^ 3°fl cfl4^ s. i_E 3^. 4^4^4 ^^44. 

£ 1-5. 3<H1 44\E ^4*ll^(3H sa<H4 44711 3 4*11 °*} 4(2)^ 44 4^4 44 44 34LED7} 4*4^ ^ 
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*A 44 4444 550nm 44 600nm 44 441 44 4 44434 44 14444, £ 44114444. 2. S-4 
(13)4 4434 44 44, 44 44 4444*1, 4344*1, #eH4£4*l, .a.^44, 44s44*l ^-4 ^ 
44. 

o^7H £ 414 4£3144±44, 1444(3) 44, 4*14 144 444 144* ^7>S. 44*i)£ 44, 14 
31 444 #44 44*fl£ ^4 £ 44 444 ^71 t^JjT)] 3*** 44*[|£ €4. 

a. ^Ai^Efls] 4£3144±44 444 1444(3)4, £ l~£ 34 44\« 44 44 4 AJ !4 144°J4(2)7l- s. 
4(13) 44 444 42:44, 1444(3)4 $144 4^4 1431H4(2)4 3714 144 444 44 4344 
34 444. 1444 44 1431<84:sl4 441144 <a^>i- o., ^ ojtjoi 0 .5iflB 44 30^ 444 

144°J4* 4444, 14444 s. 1-5. 34 444 44 44 144°J44 g-xj. ^joj 4^444. 

°f 7l 4, 4 AJ )4 1 44 <3 4(2)4 371 7> 40.4 4*44 1444(3)4 444 4 7) 34. n^4 44 14 
3l° t 144 4S434 3ES, 144<344 444 cflsH 34444 go] ^44^ <34X44 4^0} go> 
4s.a, 1444(3)4 444£7> 4444. 44, 144'344 37)7}- 4 34, 1444(3)4 13 f^i sg^] $ 
44 °J 4(2)4 434 44 3444 4=1 44 1444(3)4 1441471- 444 f^s 44 4 3444. 4 =14 
4344, 4^14 1444 43 °J34 471 14(43 °J34 0.5^ 44 30/zm 444 14) 47> 4£4, 4444 
44 ljuni 44 25/an 444 14, Ji4 443444 3^ ol4 20/an 444 1444. 

£ £4(13)4 Tiaoj tflsflA-it, 1444(3)4 £ i~£ 3«H1 444 44 44 1441471- 444 4^44 4 4 
41444 414 4sl4 4344 44 ^"1, 4434 44 43.44 4*1 444 4s.4£ 44&4. £4 a 
4(13)4 4*1 s 4 34£, 444 444 4444 44 4444 0.2. 44*1 ^^11« 4^=1^ 
4M4. 

^7lAi jjl4(i3)4 445. 4 ^§4, 4*14 4cfl a 14°l 471 4 Aj i4 ^4^1^4(2)4 ^cflal4°ll 7>444 7>444 
4, ^444(3)4 ^4^1 < 27>7l- 444 4^5. ^7l 4i4 ^°14. a 47l4fe 44 4°1, tf^s. 4*14 4tfl«14^ 
4714 4^4 ^ 4*11 °J 4(2)4 ^tfl«lfi4 4^, 4*14 4^^144 471 ^4*fl°d 4(2)4 ^tflfl4 
4 ^44*1 S4 «4 34 #44 44. 

^)s] 4iflBi^o] ^ 7j^ fe> ^4^114(3)^1 $4 4°fl 4^711 144 < a7K2)7f^^°il 4«t ^4471 4=144, % 
4314(3)4 < S431«347> 444 47l <H^444. 4^4 43 "A 4 4*14 4tfl«144, 0.8 44°U ^4 
34J44 €^44 444 ^4 »fls 4fe 4°1 4^.4, 4 4^1 4^4 1.0 4444 ^431°J44 444 
•34, i4 44^147114 1.5 4444 *§431°J44 4^44 444 ^444. 

444, 44^3)43 4H4(4£^ 7l444(^^SIE) 4*1, 4^s4^)44 4447fls ^4^4(^44^^ 
m 4°ll 444, ofl4*14*14 4^444 1.0 44 2.1 44, 4344*14 4^444 1.0 44 1.4 44, -§344 
H444 ^4444 1.3 44 1.5 44, -8-£4*)4 4<H444 4 1.5, 4 el 344*1 4 44444 1.7 44 2.0 4 
444. 

£ £ l-£ 3°fl 44\« 4£3144£44 °1H4, ^4314(3)4 ^43l°J44 4*l(£7ii)2i £4314 444*14, 
4 44°ll ^447fls.» ^44(^1*13) ^4444 Wns. 44. 

-°J4^°J 4^4^- 

4 41 4£3144±44 43134 31^4^4 tH«!4fe M*M 4144*14, 44, ^44<847V 4 
44 44 14314(3) 3)£4 1 34 7fl444, 44344413N 444 4144. 

143l°j7>7> §-44 4a» 44 14314(3)4, ^34 14 4<H1 44 ^4444 44 £31(13) 4<4 ±34 1 
4 4°11 514 U4444 44 4^ Til 1431 «g 4(2)1- 444 ?1 1431^14^4, 4^3144^44 ±3 4*H1 
4°J £4 ££ 44 4^5. all*14i, 4 1431^4^4 344-°-^ 31^4 4 514. 

143l34l4iS4, «fl* 44 ±34 14314£S 4^4 34(4fi)4, 444 143l«a4(2)4 4*1 44 £4(13 
)4 444°^ 444 4 #4. 444 4344 44 7M 4>S4 444 4 S144, °i4# #1, 4444(mort 
ar)4 444 43, 51444 444 44, 444 444 44 44 &4. 

444, 44* 434 4, 4^4 143l°J4(2)4 £4(13)4 44 4434 4444(1 431 4£)4 10 44% 4 
4 80 44% 444 14, i4 443444 20 44% 44 60 44% 444 1444. 4 14^4 1444£7l- 
44 3444, 444 14314 444 44 1444(3)4 44, 4 1444(3)4 4444 434 4£444± 
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A?\ #-§- sw, ^3t7> <$3L® qq <$7]7\ <Hsj$]*!4. °l «8flji4 

4 &■§■ ^#*)]2} 3#*H*(3)°1 34 o] ^^i^(3)# oi-8-aH 

±44 t# =1<H, «H ^-i- «37l7> <H3^*!4. 

£ 42:^ «i 5&°H ^^W^M^ 34 a <H-gr *3 3£ J24K13) 

2°J1^H1 343^ 7»£.t- °l-g-4°l *§#*113|M>:H f4H 344 <U^^ *H 34*1?} 

£ sU, 1 347i)£.» °l-8-4°l $#*0*Mi£# 7 ><ito.S'W| 34*1^£. 34 # ;g 3.71] st- #24 
t^s.^ €4. <H£ ^^lsD^liS ^^^^.s.^ ^#*ll#(3M- ^ 

^#*H<M7r ^€ T^S) ^^^)#(3)* ^^§|-7l ^tflAlfe, i^(13) ^ 4^) ^#*1]<24(2)2] °J4 ^j7 0 V^£ 

# 3 7)14^ 5J°1 4t344. 

3*1) -§- D fl °vHH U44fe <Wl<y43 ^7j-^ io ii cfl*><^ ^$4. i^i (Stokes' La 

wHl Hi P j , 3^1- a (=^£, 44Pa- s Sfe P(poise))2] 431 3 7 <J*fe. uVtJ r(44m), 

££ P 2 ^ ^l"^ ^ 7 o v #£(u(m/s))fe 4-§-3 *i( 5) o jg. 3£a]£4. 

u= {2 x r 2 x( p 2 - p j ) x g }/(9 x a ) (5) 

4, (5)°fl A i gfe f^7Hr£(44m- s "2 H4. 

44*1 -g-iSAifil ^1 ^o)1a^ ^tJ^ ^^l^H ^J-^S.^, ^3 o_ S i=, ^#*H<243 ^ 4*^r 
4 £eU, ^#*)1°J44 alf^r 4-1-^4 ^34 ^^£.7]- feo.^ £-1-^4 £3j?J4. 

Aj--^ ASA ^aj 0.3.^3, ^o, ^ (1 _ 4 )o )| o^^ ^^-^1(3)0] ^oflAi 2] ^7j-^£S. -e)7fl 4^ 

7V^^cf. 

1. ^tflOl^ol 4£, 7ftt}£ ^^^T+l- ol-g-^C^. 

2. *N«I^°1 ^^z]m. 0)^-^4. 

3. f^d ^l 4* <W1<?]4* °1444. 

4. ^£7}^ ^11- °1444. 

4, -*7l « 0 V lKl.~4.)°)l^ 44, Tll^^iAi ^- 7)1^, ^7H^1 ^- 7)1^, ^^l#2l ^^-o) ]A ^ ^ X|of - o^a) 
7H Tll^o] ol^ 

a. 7)1^^^^^, ^^-sl ^ ^h^J- t-H-^^ #3$ *^3< ^^l°J^K2)fil ^ 

rflHlf^^ ^*]3l ^C))Hl^ y%3- *\^% ^EflSAi CfA] jg-Aj)7l) ^^121 f^Al oj ^ ^ 

^ ^ ^7fl i$%*\]°l7iK2)3-*\, Cd(?>H^-)^ olH ^ V; t^ ^ ^-^-3)3 4^ Vo l 560m °]*<t 6 

OOnm 0)5^2] rt^, Bf^sj-Tflfe 560nm* 600nm <>l^t! sJ-tI] ^ 565iim °KV 600nm ols). 

sl'S^ifliSl^^^S ^cf. cf-g-ofl, %Afl^| ^^sfloj 4(2)2] ^tflal^, 3.0 °K>4.65 ol^o^ «2), aVt^s]- 
Tfl^r 3.0 4.60 ojsl.2] »]2} t ^.4 H^ajs].^)^ 3 0 o]av 4.55 ^uyq & o,^ ^^f-^ ^-a|o 11i -^2] ^tflu]^ 
*0.8 olAj-o)^ sg-^Tfl ^^ls] ^tfla|f^ 0)^21 'gs], 4£aisj. 7) )fe 1.0 o}^o}x^ ^^2] ^cflal^ o]^ 

««^, i4 4^^7llfe 1.5 oj^ol^ ^jj^) ^^]2) ^cfla)^ ols].2] ^^is. ^«:4. 

^(5)°fl 44\E i^-i 2> - oj fe 42]. ^o], 014 ^01 ^.a^^) ^^aiio]4(2)4 h1^>7> 3 

<H3, ^1 f^°fl^ ^^1°J^21 ^7^£7V ±$X)JL, 14^-5.5. ^71 ^^<a7;V7> ^2 2) TflS 

7> -§-0)5(1^4 

^-§1 Cd# ^-8-^1 %^7i] Mg, Ca, Sr, Ba, Sc, Y, £4t°l£, Ti, Zr, Hf, V, Nb, Ta, Mo, W, 

Zn, B, Al, Ga, In, Si, Ge, Sn, P ^°1H %°]5L 1 7fl2) ^^4, o, S, Se, F, CI, Br &«**\ ^^s)^ Xo]^ 

1 7i]2i ^ii 2i«|) ^s)^ asfls 4fe ^t^7> &4. ^. °1* ^^fe ^«ll^£. U U3 ^4. 

^717-i, %ab^] ^%sl)<g4(2)2] ^ 3^34^-1: 560nm <>]^ 600nm °142l ^^5. ^^4^ 4^-^^ ^^2) 

B jj*» ^ 21*11^^14 £ -*]2l ^tfla]^ A^ 7 | tfljjL ^4fe ol-B-, ^ Cd* #-fr4*l ^ 
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434te ol-fr^q tfM4fe °H 7)^4 44 44. 

4 41°il 44 4£3l44£4 4442} 3l24-?H4fe, 7i£3<L5L %m 14*(|<a 4(2)2) 44°il tfl«B^ife 4 

*l 4*js]Tr 3©1 °>m, Cd4 444*1 4H, 44 4<M 442) 4 44^3 44©1 560nm ©14 600nm ©142} «8 
4 vW fl©.*! £ ^^lf^l 3.0 ©14 4.65 ©142) >g <H vflofl oj fe 4.43 ^^oj7|.(2)ol^ £4. $3-3 
•34(2)^, SMI 4 ^14 fl-41143l o g*l-©l©1:£ s)4 ©}M4:e 34. 

44 42fl2) 4£31444:*H14^ 143l<a4s4, 4*11-1-14 444*1 34 4 ©W 4°fl4 4^7)1 %4 

444^, £ £ 441*M4 £t£$ 0l«4 ^-o. ^H^o) ^ ^ o}- 4^) ^4*)l©J4(2)fe 443*1 

44©.°3., €tfl«l^l €• 4444 Y AG 7)1 14311 ©144©1 4?1 143144 ^124 44°ll £44. 4444 Y 
AG*] 143T342] ^^al^-S: 4.651 3i44©l 4.98 ^S. ©142] $fl©ljl, 44t)1 YAG3] 143l°J*Kr 4^14 
©1 tH^oII 44 44^S^©1 444 4°-^. nflg-ofl, f^o] ^4^43.^ ^ ^ai^o} ^^44 

4£ 444 444 £714 ©1^4. 

4 41°1| 44 44*14 $SH4te 44711 1431 ©J 4(2)2) ^ 0)3^ 0 5j[an o1a o v 30;/ni 0 ]t}°\ a^, 442)4 

Tllfe I/an °14 25/aii ©1421 ji4 4$4*Mlfe 3/aD ©14 20/mi ©142) ^fls 4*344. £ 4434 1*1)3.4, 
44*1 1431<34(2)2l *4 334 4*J4fe ©14°ll H]*»4fe ©H 414 tfl5°14. 

J£4 4434 $*s.fe, 44t(I 1431 ©^4(2)^4, 4°H4 H14 44^(1)^ S4=lfe 444 4 (Sr i_ al . b i- 
x Ba al Ca bl Eu x ) 2 SiO 4 ±3, 54=14 4444 43ls ?4=)*r 44S 14314 ©1444. ©1 443143I 

^ 24°H S\n ^Cflul^o] £^oj oj7lfe 4*14, 4cfl a l^ 0 l 3.0 ©14 4.65 ©14 xflSj jg-^Tfl 1431°J4 

(2)5. 47l7> 34H3-, 1431 "347} 444 422} 143144 -8-©14t)1 ^ $14. £ 44^1(l)^s. 
4444 4 A Jslfe 44*§^4^2l Ba ^144°1 4444 31, Ca ^144°1 4444 4444. 

«^714 ^4^121 4'fla)^ 0 fl ifl^ ji^ <g^$t}-. B>ol=L5.^2l^^A>^| ^El^f-^HT)] 1305* 444°1, He7f 
i 4 °)1 4# ^44 J S% V, S 0 11 44 ^43121 ^cfl4£ 4^°fl4^, YAG^l ^4^((Y 07 Gd 02 8 Ce 002 ) 3 Al 

5 0 12 : 4 44^3 44 565nm), fl-4 < S^4^1((Ba 005 Sr 093 Eu 00 2 > 2 SiO 4 : 4 44^4 44 575nm), 2: 
4 4i4 °14fe 4€- SH 44 < S^4*H((Ba 02i Sr 074 Eu 002 ) 2 SiO 4 : ^ 44^3 44 559nm)2l ^ 
cflulf^o. ^ 4 98 4 53i 4 gy^^cj. 1%) ol4. o^^lSA], 565ran 4e<Hl 4 44^a» 4fe 44 4#4fe 
44^H1 cfl4°l ^tsl-'S, fl-4^^43121 ^cflaif^ yag^I ^4^1^-4 4 10% 44* 444. 

s. 484 YAGtII 14314 44 < §143l2i ^cfl u 144 4 44^3 4421 44t 444fe £°14. £ 48<H14 4 4 
oj^ 421- 560nm ©14 600m °142l 44°J4 4*1 565iud ©14 600nm ©1421 441 4 44^31- 4fe 
4^7fl ^ 444«1 3E ^cflHl^ol 4. 6 5 ol^oj ^^^)^ ; YAGTjl 1#sWa-^ ^ ^ ^tIM-, £fe <S4 4 44 
4cl4£ ^7l7f ©l^cf. o]oil a>«fl ^^(1)-°-^. 5^14 444, 4 (Sr i- al . b i- x Ba al Ca 5 i Eu x ) 2 SiO 4 S. 
X*lsl^ 441-4 431S ^Slfe fl-4 o J1431 0 fl4fe-, 560nm ©14 600nm ©1421 441^, 4*1 565nm ©14 600 
nm ©1^21 441 2H1 ^ 443)31- 4fe 4^7fl t# a 4cflwl^©l 4.65 ©14©J 14311- 4©14tI1 ?i4 

4 514. 

444 4*14 143lsH©li.Ecq ^ofl cfls)-^ ^^*14. a. ^-^ofl ^ hVs^i^^^ 14314 312:1^^, 
4*1, 444-Jr 44 4-& 3l24^°fl 4 ^slfe 5J4 ©>M4. ^4 444 44 4°1, 4*14 143l3ii]©liE2] ^ 
£7> 4 4-4 7)1 ^©.^, 1431 ©J 47> ^<t] 2\*!\ ^3*J-4©1, 143l©J47l- 4*1 4°fl 444 42* ^4 4 4t11 si 
44, 4*121 35L7J- ^14^1711 fe^ 14°)14 4£31444:4 3l2^-*j<>11^2l #l^-ol «l7ls.^^m 4©1©!4 ^ 
21144. ©14 ©14 34 ^314^, ^4 l^-^l^ ^s^o.OlPa- s ©14 10Pa- s ©1421 <34 44^14711^- 
0.03Pa- s©14 3Pa' s ©142) 134 ^-4 44347)1^ O.lPa- s ©14 lPa- s ©1421 2)0)4. ^ ^4 ^^-s)) 
bM^e - ojj^o] <y.aoi] 2]*fl ^^4°1, 4£7> ^©.^ 4©>*U, 4^©1 #7}4°3 ?1*1 

44*1 fl-*j47lfe©l3)4 312 A] o|| oj-a^st ^o] 2-^0)) 2)5(1,^)4^^*11^01^^0) ^£1- AV 

44 •g^ls 2*j4 4 4-°-4 ^4. 

£, 4 41°1] 44 4£3144£4 143142) ^24^°ll^^-, 143lsll©liS f^l, ©J4°J*l-2) 1^11-©1 lnm 
©14 lOOnm ©14 ^^1 Ml, 442)4711^ 3nm ©14 50nm ©14 1^1 M)°fl $X±= -$$1°%^ 143)3] 

°li2= # ^^.aI?) ^Aj^ £ ^4 

471 4(5WH 4 4 44 4©1, °J4 41©1 44 ^©1^42] 143H©1>ie 4°fl^o) ^j7^ £ ^ ^ 
^^4. 444 ©14 4-& ^©1341 143l^l©l^s #°fl 5.44714, D D4 ^hItII ^j44^ ^©1^47>, 1 
431°J4(2) ©J421 ^37^ ^*B4£s. ^^4. a 14, i©134» 143131©]ieoii ^7}^©-^, 143)3E|1©1 
f-oflAi ^abtii ^^oi^ ( 2)o) A)7j.^£7V ^^*^, 4*1 4°fl 1431 «3 44 444 ^-21 4^ 14314(3)4 
^71 41^44. 
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44 £4ti4-&&, (J* f-oj 'Aerosil'Degussa: 44)4 4"§-4 o_5 434 444fl-i444 0J4 ^ 
^^olieoll % 7 }r£ 4 3=4^7} AS-tt 4444£°fl 4^4^ 2}4°j7)-4 3§^f.ol i Ilm o)^ 

100 ran 44 444 Slfe s4H*Ml£.44 44. 4444£ o] s]o] 2:4^4t|£.54, o]H- s-o] A>sj.o s V= D ]- - 

£ 44. 

444, «y^o] ^ 5nm o^o} oVo^ „^ 5|]ol^^^ ?? AV^Aj olcu^^^o,!^ 

4 47>¥44. 444 47^43 445 244fe 44 4(®)4 4^5 2}- 2:4 ^7>4 °J 44 f.(a| 3 )-g, 444^, 
a ^43 7]-2] 3 5*1 §0. S ^fi)^ 3 0.3 44. 

44 444 44 44 47] ^4*1144 312:444 444-2.5.4, 44*)l 0 j7}7l- 444 £ 

44*114(3)4 444 4 4.2.4, $441344 444 4fe 44*1144 444^r 4£t)144±7M 4*11, 

4*4 44 4-8-* 44 444 £44 444 4 SI 4. 

% 44 44 44*114*, 4 ^r£44 4 4447l» 444-°-5 £444 &°-5.5, oil* 44 42fl4 44*il<2 
444 ^44 44*1144 4^44, 44*11^71-44 S^f-4 444^, S 3444 444^ 34444 

fll4°.5 444 <§4*il4 #4 4 £44444* ^3^3 £444 44 44. 454 44*1144 4 44 A o4 

<&S.W, 34LED4 $4 44 ^#±|S)ir 2J&4 44*144 44, £fe 44*114 44<* 4 4*141 €4. £ 4 

4^44 4 £44 34 44 4fe 43)4 44*1144 4s.5, 44*fl < a44 44 444£ 444^3 

444, 44*114 44 ^4^11^71-71- sl-§-4-°-5 4441) 44. 444, $441 3 4* ^444^ «8s. 44*114 4 
7H1 4444 #± %q 44, 44*fl°]4 a^ofl^ 4444 44*1144 445 34 4°-54 ##34. £4 4 
44 34LED* 444 44 , 34LED7} 444^. 34 421 43£ °J442.5, 34LED4 44 *4?fl ^ 
4*11 4 A J1 4^1 7Ho)i o^sfl «ttAjj o)±, aflAj} «V£*iit44i7i-o I l7i^, #si ^ *'r4^?147l- ^44, 

^Afl ^ <^ 7) ^i^i t4S#(4^47>3L#)ol ^^l7flsi- f§$n%°)%s., Ml444S:#ol k* 
^43144 t44 4*4^ 5J<>1 7>^«fl^l4. 

£ \&£^«*i4 ^4*11421 a44(£ l-S. 3ofl i+Ef-d «V£Sll^t±7> «*^|^(3)4 7)1^ 

^4, 4 4 4$ Efl 21 ££*f|^iM.s}. ^ ^l^j^si ^^l<g7>i- Af-g-^, ^^oj7Hel7> 7-1 3 ^#*l-fe 

teflS) ^4314(£ 721 <§^#(3) 42:)4 aU^^, £ ^Al^EflS). ^ol ^1 #0)1 <§^«a^>7> §-7_V^ ^ S oj 

^4^14(<i# 1-4 £ 2011 44\a ^4^114(3) 42:H4fe ^4^1#4 #^^-4. 4^ £ ^ 

^ 44 4£^l44±7H4fe, ^4*114(3)21 a4 A1<>1 4± 44 ^44i, ^4*114(3)21 ^-4°1 ^4^114 
(3)2) ^l ^^<hi 7H^ tii^ 210^1 u), ^^^l#(3)2i ^^o)i also i-^oj^ 2101^4. 

-Til 2 4433]- 

4*0.5. * 444*14 ^7i^^o)i cfl^oi t^^. ^.2^^ ^34-. 

^7l7i, a. tg^)Aiofl^fe. ?V£^^-t±7># ol -g-^ zJ-# iAl^Hi- l-ol LED^Jia444, LEDH-fTl^-i-, x> 
*44 LED44-f °14 LED44444 4)4, 44 s i 344(LED4^42: l i4, 4^flLED-§-, LED44-S-, LED44 
44 4)# 444 444*1^ ^444. 

£ 4-je 6* Tfl 2 ^7]^eih] 44 444*14 44^1^ am so] 4. s.4$=£ ^ A 1 ^4 ^44*14 ^ 
2:^^*14 ^44 7fl^aj^s 4-4^1^ 44 £4 4. 

£ 4011 44Mlfe 44 44 Til 1 o))4 444*lfe, Tfl 1 <a44*W4 4^4 44 44 4 4^4 4s.*fl44^4(l 
l)» 44 444?j 2:^^-4, tiV£^lt4^7Kii)» %%*)f}7] 44 ^4*1(12)* ^444 ^44(12)* *44 
4£*H44^7>(ii)4i-^s|oi »v t(£A] «v^sl-7fl S4. 

447-1, £ 4o)l 44Mlfe s^44fe 44444 44^4 43)54 444 ?H 4444, 4 4-3<H] 44 4444 
7} 4 °W 4^4^ 444. 4 444 4444fe, <l* 1-4 4 1 ^Ai^Eflofl 7))^^. n>2i- ^ £ ^oj 
£^l)t 4^7Kii)l- 4444 ^44^ ^4 44444. 4, 4 444 444*lte, 4 l 471^e)14 b -W] 4^*11 
44±7V4- ( oiif. f-oj ^Afl « 0 v^^ LED* 244?] 444£ 44. £ 4£*ll44i 

7Kll)7> 444^ 44 4, 371, 44444 ^4 4£, 44^1 4^^ ^4 ^^4^ <>m^. a ^£44^ 
45444 44 444^ B1147-H- 444fe 4£*1)51147-1 44^ 244*14^ 44. 454, 244^1544 4 
444 444 44 444, =l 44 4£2E 4444 4 44. 

£4 4 Til 1 °fl4 ^44*14 444, 4444 4 2000K 44 12000K 444 ^4, 4444^)1^ 3000K 
44 10000K 444 "S4, i4 44447flfe 3500K 44 8000K 444 44444, 4 44°)] 44 444454 
4 2444fe 4 444 4 4£<>fl 4tJ4^ 4* 444. 
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£5r^ 4*3 A 2 oflSl £44*1*1 44£*l4*l2] 7flSf3 <L3. 44^fe aJ.a)51o)c).. 

£ 5°fl 44M)fe 421- 4°1 41 2 44i7l4*lTr, 41 1 ^l^EHAi vi[S\. £ t^Sj aVE*)144± 

4(11)1- 4t D l)se)^ a*14« 4*144. ^i^^i SH^ai^*] ^a) 37 lfe °J2)5. 4144 

4 5tW4, 4°1 1cm °14 10m °142) £0)7)- lcm 0]$ 10m °142) ^4 <&zJ°l 5mm °14 5m °142) 
3o| h}#2)S)-c)-. SE 45L*ll , £4±4(lD2) 7fl^fe sj-^iAl^o} 37) oil 4^ Ajaj^ ^ ojcf. 

^eflol o) 44i7.14*lfe 1 oj)fi) S^^ls). 4?V7HS. 1 ^Al^EfloflAl A£x$i£ aV£^l^±AK 
11)» °l-§-^ 4^5)fe 44344. 4, 4 4^ 45l4144±4 2H, °)]* 14 34 44 44 *M 42I 
#4 4#4fe LEDSf ^4^141: a^]^ ^Jolel-S £ «£51;*ll 44^4(1 1)7} 42) 4 37), ^, <£ 

4442) ^Vo)^ 4£*ll44^4(ll)2l «fl*l*§4 f-JE, **| %*\) $Pg5)^ o}u|c).. 31$ 

4*1 3*4^4. 

£ 6£ 4 4*3 41 3 °i|2) 444*1*1 sll^iLAl^)^ ^4 7) ]^ai o_s. 44M)fe a).a|£o14. 

£ 6<Hl 44*flfe 44 4°) 41 3 o))2] sfliasAl^l^ Tfl 1 ^Al^EfloflA-l gigg z>£ £ 

4(11)4 A 4^2) 44, «144°)1 42} 0-94*1 °J2) o) ^^1- SAlt ^ ^3 SA] «-f. ^a)$4. 

4, zflUS^*)?)- SAl^fe £ 6°fl £A)<g ^aHI 4^s)fe 3£ 4M4 44, 4444, 444 =L$±& 

71" ^4 XAl^ 3°H51 £4. SI 3fl^iAl^l7l- ^A># £A)^ ^5}51, 4E*)144i4(ll)2l R7], ^ 

, 4^2] $4 44 £ 6°1] 44 $7g£l^ 74^. 

£44*1 2) -a^l<?l «1 4)€i*14*lfe, 4| 1 <4]2) 3^4*14 4*7}7lS 7fl 1 ^Al^EfloflAi wVi^uV^^ 
(ID* ^=1^ %°] 4^44. u s v ^2] aV£*(|^-^4 ^ofl, e|« l-o) ^aJ) i ^Ajj > ^ 4 Jj > ^Ajj - 

21 «o V t«l-fe LED2]- S^-Alfl ^olo^i 3: «V£.^t^7sKll)7l- £#*Kr ^2] ^j, 37I, ^, 

^Jfg-2] ^^ol4, ^£SO^±AHll)fil afl^l^^ ^ -^1 ^« ^J^r £^ 2]^^ 

^*1 ^=lfe^^oW4. 

ZLZ)3. i 4~i 6<>fl 44 ^ ^-^-^HlAi^, $ LED^^ ol-§-$ 7fl2] «VE*fl<£#^A).(lD 

» °l-§-4^ w e V; t^l5. 5>^, ^■§•^^14 ^^^^ 4 #£^#±42] f-4 6 l 7}^Sfl^Cl-^ 

°1^°1 S14. £ ^ Tg-o otl^ ^^l-2.£ ^ Sl^-AtH 5]$ §^AH ^^^i 7]£l ^-^4 7)1 % ^ XiTl) 5)0), 

^£^4 *£^4°fl cfl$ ^±Af2) Ajji 2)7)) t * Xi^-4 ^44^1 21 ^s.^^ 

a 4£3.°1 7)21 3g^.$ o)^o) 7-^4^, ^44 i^l4^14 £444te 

2:^4^1- ^11^4 ^ SI 4. 

4 4^°)1 4$ 444^1^, 3^4*)4 Sa)^)oi ^^o)) ^1 ! ^A)TgEi)si. ^ ^-ai- «V£a))«v^ 

±4* °)-8-ti>-is.4 ^ ^^1$ >£t4*U 4 4 Xi4. t)1 1 ^ai^s] wvs^^^j.^ a ^o) «.^oj 

^-o) 210.D) 14^03. Tfl^^^o) *) 71-34 ^4. 447^1 41 1 ^Ai^Efls) ^£4144^4* °144°1 t4 
4^1» ^4^-S.m), 444^1^^ q ^0^0} qoj^ ™ o\^ t ^la^7l-7> x^ftl 444^11- ^4 4 514. 
£ ^) 1 ^l^Efls] aV£^]^^^ ^eflo] YAG^l ^4^1* °144 ^£^1144±7>1- ^-7>S)-^ ^4 "M-sj-H. 
4%4^1 44£ 44€4 

°)7lA-), ^. tgAflA^lA-)^ «V£^1^^-4ia>1- 0}%$ z)-^ aA)^-^)(o|]l. s-o) LED^ -S.3E4 LEDHf-Al^f., ^> 
f-42) LED3*l-§-<>14 LED«8-4^7l-i- z)-^ S^4^1(LED4Ml2la^-i-, *WlLED-§-, LED«14-f , LED^ 

4« 4)» 42)2) « s ^^l^ ^2)$C}. 

-4£^ 444:421 ^1^4^ °fl 44-^I^eJ)- 
44 < S^^12) 42l»W 

4 4^2) ^£4144^4°)1 <>144^ 44<S^4^2l ^s^^-ar, ol4°fl -M^4fe 7il^4^°fl 4^s)fe ^4 4M 
^4, ^4^^441^, °ll» #0) ^vrfofl ojsi) 4 aI4. 

44 < §^4fllfe, «tl» 1-°) 



- 22 - 



*7fls.^ 10-2004-0029313 



* 1 *M: Stfffll*) 

* 2 *I4 ^M^M £^ 

*fl 3 *14 ^^^€^.2] ^ 
afl 4 ^e]: ^ej(«fldj|, ft*, 

a] 4 ^e|» 71*1 ^ 514. °14, 4 m$ ^fl-g-^l cfl*M 3 ^M14t11 ^44. 
4 1 *14 S^M^S.^ s^- 

•f^ ^ 2:444. €5-3-4 4^ ^^S^-^^i-, fl-±44#, *J5L#44i- 4 

-&*>!■, ^444, ^V^«-(^^5j-^S^f", ^444#, 4444#), 

tl^f(t^iS^f, 444"§-, 444#), ^(^S^f, 4444, 444<£4 ^#AV<g(4^.AV i H € . fl . i 

44444, 44444) S<>14. £ <*44#, ffmii^f, f^isn} 

#, #4£s444, af^iiff, «-§-44f-, «444 # 44 7^444. a 47l 4£44#2] oi 
444±4 ?i444£ 42} 441-OH4, 4% z fr± 42) al44#:£ 444fe A|-g-l ^ 514. ae|i 
M]%S.77}b)°\ 44^4 4°i 43 -°^r, ^Hl^CAerosil)' 44-3 434 Degussa(^2j)4^ ^ D 1444e| 
4 43 2^144 o|^^it ol44^ 44344. a ^#^^#21 ojelfe 444:3.4, tai^^ 
4^.4, ?J44S4 4°14. 3=4 4°fl4 aJ£$, 7)]5.4w* 444£r ^I4*H 44 ;flii.444SiMfe 447)1 = 
4k 42) 7H = 4k*^»# °144 4 514. 

0] ^ 1 J^^Mfe, ■y-^el^s =.4=^, 4^44^ 4°1 ^^1 £§Kr ^£ «l#ol 

oil- 443 £4 ^4444 4±444, 43-44444 *J4" 2:444. 

^71^1, ^ ^1^5.^1 5l°l 44 A 34 ^oj a.*) o.^ ^4*I1^jl, 3=4 ^^-Sll^S.21 7>^l-(temporary bakingH 

4 m £^-§-°fi t^^M)* £44°} °14s1]£ €4. 4?1 43^4 4* 43-3144014 4£44#4 °1 
44 4 514. 47l ts^^s-s.^, |^i5^is§f, ^-4#, 44.2-ii.444, 44^34434, s= 

£ = 442-4, 44^3-434, ffia^^Ef, 4^4-3444, °J4^S^4, °J444, °J444, °3443#, 

9J 442-4, ^4514, <*44S4, °144# 4°1 51 ^4 4£4443}r 44, 444±, fi^S^f, 4444, 
4444 4°) 514. ^2 oj-g-^ ^g#*ll lf-ofl ^ 1- 0.00011" 1 1 ol42l 

•Jifl, 0.0011- ol^i- 0.3 01421 >g2Hi oicl-. 

^1 2 *|e|: ^^-^l^Sfil 

4*°11, ^"71 ^ 1 ^ ±^§21 i- H]^- ^^«l#2i 

» 2fe4. ^^I^S-21 ^oflfe. ol^| ^-f, oj-g-f- 014 oj^j^ S .^ j 4x^0,) o]^ ^o,| o} 

V4^*^7)i 21^ i^-, 3S.iS.ElElBlAio)l fil^;^^-, ^E^ofl 21 ^ ^f", H^Hl 2l^^f-^-o| oj 
^^4^^r ^121 7l#ol4. a o.S.^, -g-nfll- ol-g-sf^ °>j7 ^^-^^S.'?!: ^^1 

^^ v , ^hfr i-^14 -fr7)-g-n(| ^-51 -g-nfl ^°j4i, ^71 -g-nfl ^<t]*\ o]M. ^A]^ ^ 

£t "f* «=»l-§-^ ^ 514. ^71 ^-71-g-nflS.Aife ofl^, Dl]^ ff 4-§-% V ^ 514. ^7) 

2J«}^ o.S.^ -g- D H5L ^^Slfe €4 0J ! O-^YEl, <1* 1-°1 Y*M(Buchner) ^af^ o)^ 

°1 *t ^^l^fil- o14^l7U, n ^, ?d27l oi^oi oi4 ^21 l^l^at 60-200"C ^£21 -g- 
£°l]7-i =r ^)4~^ ^lTi ?12:4^ ^ ^^4. 

4#, °1421 $Ais ^ ^^^ai- ±^^4. ^7is.4, 7}i^ f-si 7}<*%x)9: «>l-g-^4. 7>?l^l2l 

4 Si ^Sl^r 4M^, €4fe €4fe §-2)71 f^oflAi 3)5^ A14 ^ 7>^-^ 

5J°14^ 4-g-l ^ 514. 7>2|^lSAi ^7lS» o)-g-t ^^o] pj^s ^.h^ £3 7) ^7^H ^4^5. 

M4 »iS f 21 ±^-§-7lofl ^jz, 44a^ i^-g-7H ^7111- ±^-8-7)4 %n 7>°I44^, ±^-§-711- 
°1 -g-s^^l #3. ^ ^^^l^s4 44. a i^-g-7ls.fe, Tfl^oi m<$ <£.?- D 14, ^lsaM4, 4^M1 

^•14, 44^i, 47), 44-& -f «s € 3«1 4-8- 7>^4 D 1, 44^1^ °1t-§- 4^1^1 ol-S-^-4. 

^-SrSfe 800t: ol^V 160 0t; «142l ^21 o^ ^ 7] ^<*%%^M. ^ ^4 0 ) ^SL^-S^^-gr^l- 
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£•^^4 ^ ^^1S.^E] t^* ^717} 013^4. iL4 ^ ^J:^ 44 

^-t^o] fl-^^Wll- ^7l ^sflAi, ^^-tfe iooot °W isoot: °142] ^^7> «HM*M, 3 4t 
347flfe HOOt °K> 1450t °142] >34, cj^ 4t34?l)Tr 1200t <>1^ 1400t °14sl >g2H4. 

S$ ±<lM?h& 10 £ 1000 ojs).^ rf^o]^ f^*^, ^lss:# ^olu)- f-^ -f-^i 

^^H, 4£*!£ ±4M?hfr 30 -g- 500 a] TV 0)4 *2l, £.4 4^-3)^.7)1^. ! aItJ. o]^- 10 o a1?J o]^s\ $ 
SH4. ^^2)^°)) tfl*Mfc $^S|fe 3£ 0>q^nV, ^^1S] ^jLt-g- ^o]fe #;*HH ^ o. 3^4 43. 
a)*H, 1 31 i #vflfe 2 6 1 4t344. 

i^^7lfe lfl7| 34 ^^-«^7l, l-*^7>i^7l, H±£3\7}, ^^7], «r€^7| f^H 

°JS]3. AjSj^. ^4 ^. <£^Aj o. 3.4 Eu 2+ C|,2.-g. ^o)l ^AjAl^ ^A7> 5^2.3., ^f^^cj- 

31 lEfe 7}4£ £7fl<*Mfe, Eu 2 + t§^ ^o)l igA^Z] ^ flfe ^oflA-j ^ ^ 3g.fi. 

4 $14. ol *fl7lS-Hfe, #*\7\ 7_V^«j-Jl ^7>?1 7)^4 TflSLS] ^-g-o] -g-°l^^ °HHH, ^ <r£ 

21 ^^-71^4 QjAj^^ofl 0)4 4<g« ^71, S«l ^£2] ^f7}i^^7|l <>l-g-sRr 3 °1 4lM44. £E 

<r±S\ Z i 87}^#7\3- ^43, $€3 4-S-4 7>^S] tf^o 1 %&6\ Of ^oflA^ ^ 

0.1% 10 % °142} 1 %<>]<$ 5% o]^9\ ^^7> #4. £4 £^<g 33 £^ 

*H nlEl 400r~1400r^ tfl7l ^ -^iAi 7>±A^ ^4 

^ 4 ^e]: ^§-2] 

D W°4ii, Slsfl ^ol^l ±^ # (^^)oj| ^211- AjAl*H ^aVoj^^s. ^Elfe, 

^flifl^^'HAl g-^VEfls. ^ g.^-^, If^4. 

sfl^^iHAi^, ^7} s\n °io]£ ±^^s\ ^^m^7\s] q^ns- ^^4. -^h 

Sflo^o,! 2^^ s))^ olcf. £ ^ifl« 0 VAj -g-pflf- c.]^-^ ^ ^(jifls)-^ 

^. ^7) -S-7l-§- D )l5.A^ ofl^^, ^ A>-g-t 514. 

7\A °l-g-^ ^ Sl^l^, <ye)l-t »^ ^<>)i4, # afe ^ -g-nfl ^ollA^ ^^fl 

^7^^ ol^-^ £-g-^ig sol 514. a 2]$ g-^lAife 50-1000 ^£21 ol^.^ g-^-sl- 

^ «1^1^4l7HlS.2] aj^-^- AV7I 'S^Wl 1 ^Al^EfloflAl y^o) ^Ajoj^^. £± fl-Aj-rt^ 

-g* ^ £^ ^^H^S-Ait, -g-nfl# A)~g-eM ^fe Ti^^-^-, ^-^ #014 -s.^-g-Di) -g-nii ^ 
is, oil- 4^2] 01^.^ 

^l^^^iA^, ^S. Aj-71 ^Aj ^rofl ^ # -,o)l itS]^ ^Hf- «^^^°14, *fl^ ^"^^ 

f-o.S. ^<g^ °1^a>1- ^71^4. 7H ol-§-t ^ ja^n]:, ^g|«. ^ <H& ox=q. 

feS"^^ ^ ^1 °J 4* «*^| 7)1^21 ^4 ^Ajofl 44 2j^ci-7)] AiBJ^^ D )ll. ol.g-^a| M}^t^. a^flifl 

£fe 4^, on- 4^^* ^4£^ ^4. Tiia^ sfl2| ffo| 44 

TdS^HA-^ Al]^^^- 7]^ <2<H*l fe ^^l<a7}2] 7V^A]^ > olofl 4^ 3L^ ^ 

^ #<>14 ^l-g-DH f-2) ^-DlH- SEfe 2j#^]f-°fl 7V4* ^^°J42l ^^1* 

■9^4 °ia] 7\7\ o]-§-^ ^ Sl^°V, ojeflf. S.^, *J-^7iS7l4 7l^-7d2:7Hl 2]^- #2:°14. ^ 

2 *J-*?i^7|» ^^1^, 60-300T: ^S. tfl ££°IH 30 S--100 A]?i ^£ Td^A]^. £ ^J^fe 

^^fil 44a1^ ^]^^^4 t^l) Tdi^^a) A|if£ all- t $14. 

^7)Ai, a^ 7 ]^ sflifl^, §-^^§, ^l^^^ ^ ^12:^^21 2^-» 0 »gc»14, S]^ ^^o) i = 4 a-ajoj] 

44 °J7| l^t $14. 

°14, ^^^^7)1^^21 ^afll-^^^ ^44 ^j) -g^C-llolEjl. o|^4<^ Aj^^4 
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5. 11*, <34^o *£%#S.& QZ.) 3> c,)^}^ jf. ^^7 0 V£(^ »i%3\3. 7j-£)l °J 

x\±$£S.4\ tt3.*\ M-Eftflfe £.014. £ 1H 44^ * *^-7 < J-£fe ( (Sr 093 Ba 005 Eu 002 ) 2 Si 

0 4 2] £)£^j- -a^ofl-H 1400^2] «r€^^|7l(^4i^i^-7>i) ^oflA-1 2 a] 
?1 ±^(fl*tei<S)«M £<H*l «*hai<S#*| 3MEH4. a £ llofl i+EHfe ol^Aj ^ t^^fe, f^is^ 
21 «a*4#(BaCl 2 >* ^ 7 1 tt*MMJ# °i (Sr 093 Ba 005 Eu 002 ) 2 SiO 4 fl-iV^^^l : BaCl 2 = lnol :0.1 

td^\ HltS ^7>§>2, #£o"l * , 1400"C3l *4£4M f'oflAi 2 *m 4~S(<>l*|-dMj)*M ^<H^1 

°14^oi-2l 3M3<>14. £ Hofl q^iflfe ^^^#Sl t#7 6 l-£ir #il fl* 44\H 3 0 14. °1 tHI^^I 
fe, °14 *<>1 ^^>±^(S, ^r£ 5a 4), °l*Bi^4 ±^>£x\^ 7]^ TflSSHr 7r ^ 

44- 

"^H, «a^^#2l XilSl^ 3|)liiL5.^-El, ajolS. 800 1 ol^Vo) ^X>±^*£o]]Al «a*>i^«- ^eflfe, A> 

•9"3*l 1^£1 £^ (Sr 09 3 Ba 00 5 Eu 00 2 > 2 SiO 4 ^^^^7} #7.fl*Rr ?H ^S)55l4. £ 1000 1, 
1200t, 1400"C2l °J4±^£-£°lHSl ±^§6\} S]f% °io]?) Qj^^-g-O., A>^7fl l^^i 7l2i 4°i 

°l^^#2l X^S}^ 2)|<=H4, «a^>^-&£i &?ll&o] £€• °l*hfc^§-°l, A>^^711 l^£l 2fe (Sr 
093 Ba oos Eu 002 ) 2 SiO 4 fl-^ 0 ^^ 0 ] ^-01^4 ^ s n^. fgjif A>-g.*>^l go}5L 800~1400t 

si nsMi-iH s\n tmm**** °ii ^ sa£4, ^ca4^o &-§-)- uoot4 ££<*m ^B^oi^i 

f-i^l ^7> ^fl^Co-l^^)^, d^- *^7J-H7l- 7 0 V^(#^ il . A>-g-^] gij 4 1.4_ L6 Hfl 

) thws**i» ^ 5a#* 44^4. 

-tt£4«*&*|- ^2i^2l 711 l ^H- 

4-§-££ £ ^ 7)lS« 0 vgsl ^cflofl rflsfl ^So^aI ^t^nr. 7fl 1 ^H^Al, 

5] 21^; al^^^-21 aV£^^^-±7> Tfl^Vg * TllS^H tfl*H ^^^4. £ 122] (a)~(d)fe ^1 1 ^Sfl 

°IH1 5a<HAi ^£^^^^1.01 ^1^^^- ^El-iflfe ^£014. 

£ 1221 (aH 44^^, ^^LED9J ^^^^ ^£^1^(101)* ^13:4. °1 ^£^11 ^(101)*, 

lr°l GaN ^-°r ol-§-^r 450nm~560nm ^2l<Hl ^^^e^si 31)31- ^ ^LED»H, ^ ^(lOla^ ^~ 
^-(lOlb)-g: 

ZLB]JL £ 1221 (b)°fl 44^1fe ?^°11a1, wV£^l^(101)# 74lu|cH£H(102) W ^^^S 

TflBl-J! al^Al5a4. o] nfl, «J£^4i^Kl01)^ ^m4°liLS(102)« ■*] -S. ^7l^ 0.3. ^^^4. o. 

^J^** ^-£^1^(101)21 «9=^-(101a)4 ^IM4°li2.S.2l ^(i02b)* *\3. &\?* ±3, ^^3L, 
^■£^^(101)21 -8-#(i01b)4 THuic^oi^si o^ (10 2 a )^ x\s. 3#$ck 

4#^.S, £ 1221 (cH 44^11^ a v>£*ll^(101)ol ^M4«li = (102)» 71^(103) ^> 

ofl ^7|]£U ^7^)^14. ol nfl ; 71^(103) ^n)o}^S. f-21 ^3j- 7 )l £ s AV-g-^o^ *1MCH £2.(102)1- 71^(10 

3) 4H] Ji^Ai^itj.. a 01 nflo] ^aj-^jasfe. «g^- 4= ^^s^je. ^4. 

3 711 M4°l £2(102)21 o^(i02a)* 7l*(103)ofl i^jsi ^^7K104)<>11 ^^^4. ^- ^^1 ^ Efl^^l, 

01 ^^°llfe # 2l-olol(i05)l- Aj-g-sH < *^(102a)-4- ^^^(104H ^^^4. °l5.*l ^£^11^(101) 
21 -i-^o] 7l^-(l03)2l ^^-^7Kl04)oll ^71^ £3 ^^^4. £, 7llM4 o l££(102)2l #-^(102b)# 7l^-(103H 

^^^Kl04)oll ^3fl£ 7)1 uicfol £2.(102)21 <£^-(102a) ^ ^(102b)# 7l^-(103H 1 
71121 7l^7Kl04)oll ^^«fl£ 

4^- £ 122) (d)»ll 44iflfe ^^H, «>£7ll^(101)(^^LED)£5.^-El %o] f4«l£S | 

•37+1 Sfe ^11 $^$4. ^^^£5.^, 7l^(103)^r ^21 ^-^(107) tflofl ufl^lol-Il, ^-°j^l ol ^-^(107 
H ^°J«4. ^^££^, 4^21 ^-^(107)^: Sfe -g-°J^ll ol^-sl-ol, BflAji ^ w 0 Vl^ 4^ hV£^^v^. 

^Ulofl tg^i}. 017)^1, -g-Oj^S-Al 0)1^1^1(106) ^oll *g#7llo]7Kl08)l ?! ^1* ol-8"^4 

°1 ^, ^ ^Sl-fe «l£^l^^-i7+l ^-^(107H7i ^-ElAl^lcl.. ofliAl^lfe bJ££^^AHB^milt)7ll 

NTT 850621 ofliAl^i. aJ.^-^4. °1 ^, °fl#Al^x]i- ^^^4. 

£ 1321 (a), (b)£r AA *}n*L, 4 1 ^H2l 7)]S^-^oll 2^ ^7j^ «V£A)lt#±7l-2l ^^£ ^ ^-^£014. 
£ 1321 (a)oflA-lfe o))s.a1^1(106) ^ «g%7H°j7K 108)1 ^^S. £ 132} (a), (b)°l| 44^11^ 44 ^ 

°1, 7l^-(i03) 7)luicfol^.H(102)l 7fl7llo1-i ^-7)1^ ^^^(^^flLEDdoi))^, o)13-a1^1(106)<H1 

^^l°J4(%^#*ll<a7r)a08)7r ^tJ^Tll §->4 s^^. ^^^(109)1 £±= «}£t)1^4i71-7> ojol^l 

4. 
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34, S^UM ^jofl 44 4;eX|4i44 *3LW$ ^444£44 34LEDQ0D* X4i43±H 

(102)(7l*H 344^ ^34, ^^LEDdODS^-E] £44 fo] *4-4-£*, ***fl*KH>8)4 ^*l(106)# 
A 344 43*4^4. 

5B 4X)4X)4 £ 49°l) 44*-flir 44 £3, XN43-2-5. (102)* 44 44 $1134(109) 4°ll 3^44±44 3*! 
LED* 4^ 3lu|£H-£-H°ll ^44^r 434, 34LED.S.43 44^r 43 *44£* ^4X1* 4tt 43* 3 
444 434, XI 4 43 ±^* 44 434^ ^34 244. 

34 24 xi^^l 4*11, 3^led4, 34led°1] ^714 ±3- 344^r X1443±H(3#)4, ^^leds.-^-ei 4 
4fe 43 444s* <84€ ^4X1<347} 43 4<>1] 444 *J4X14-|- 44 «H£44 4EX144£4« Xl^4 
4 44. 

333, ^i]4cl-ol^7l- &.2_4 ^4LED4, 34LED.S.44 >£5}fe 3-0) f^g^s. <g 33I °J 7ft ^ ^ofl 

33 434£r *§4X14* 4tt *M444 4.£X)44±4» X|3^ 4E 44. 

a 4 4XH4 3^LED* 4344 Xls.s.4 444*3144* 4EX1, -i4444 4EX1, 4444 4s.X]7} 5a 

4. *J4XlX|£..g.4 444 Xl 1 43*§ElH4 Oj-g-^- ^ o}O.I^ S.g) fl-4<^4Xl* Ajajg).^ ^ 

3 44344. 

-4:&X143-4i4 ^]a4^4 *| 2 4XH- 

XI 2 4XH13.3, ^44 4:£X144i44 ^1^4^ 4 X1S33 °fl 3143 4344. 144 (a)-(c)^ 
XI 2 ^^H14 4£X144£4 Xla^g-3 4444* 44*flfe 445134. £ 154 ( a ), (bfe X] 2 ^XH4 4E 
XI 43^4 Xl3i43 4 ^444* 444fe 445134. 

44 £ 144 (a)ofl 444^ ^334, 3 Aj jLED(iOD* 4i^tfl(llO)(elH=5i]^) 43 4X)4:a ^3344. o] ^ 
3fll(ll0)4 3 A ->143 451X1^4(101)* afi343 44 ±44(111)4, ±44(111)3 344 44(112)4, ±4 
4(111WI 3443 4fe 44(113)* 444. 44(112)4 44(113)4, 3* 4471- 4334 3* 44 

471 4*1) 444 44 ^4±.£. ±44(111)4 4^433 34434, ^4 4334 3 344 4444. £ 44( 
ll24r ±44(111)3 3443 S451 44. 333 £ 144 (a)3 44^14 44 44 3 Aj ]LED(l0l)4 ±44(11 
1)4 34 4°H «11^4s, ^sil^l^ 4 ^4^5.1- °144°1 44412H ji^44. 5»H 3*Ms.s.4fe, ^4 
44 4# ^4^s.4£ 44. 

°1 ^, £ 144 (bW 444^ ^^°114 ^^LED(101)4 44 4 444 44(112c, 113)4 44 4 4°H(ll4)5. 
47l^ ^444. 

44 i 144 (cH 4444 4*<MH, ±44(lllHl ^4Xl 0 j7>(ii6)4 44(115)4 ^4X14 4*ltfl(ll0)4 ± 
44(111) Mis £<344. °1714 43(ll5)s.^ «>D4444« 0 144°1, <^1 °H4^143 4°)1 ^4^1^4(116)7} 4 
444. °1 °)143441- 7V4^£ list, 7>4^14 12 ^^4 ^4, £^ 7>44£ I20t, 714^-14 5 a]^ 

4 ZiHSLS. ^444. °1sm| ^4Xl 0 j7Kii6)7l- 44(115) 4°)1 444 ^4X14(119)4 ^444. °1 XI 2 4XH1 
°)lAlfe o)1434 45.4 44#4 D 12:(FINE P0LYMERS)4X1 ofls.A|^n. A>-g-£c].. ae)n 5.^4(111) iflofl ^ 
•24^ 44(115)3.4, ^ofl oj^. ^^.7]- ^ 43^s, °iH- 4442:4°11 4*11 ^44^ ^4^144(4 
4aft{b)-i4X] YL6663)4, ^4XH1 4«fl ^44^ 43^s.» °1444, 7><S a] ^] (155 )^ <£%s. ^ 
oj4. 4^ ^(115) 34 4°fl 43(115)7} 444^ 5J°)1 344-4 ^4Xl<a7l-(ii6)4 %Q 44°14 444 
434 4 44. 444 4°)] 44 344 4-2-3. 4^1 43XIS.1- °i-§-*J 0.5.4 43(115) 44 ^4X1(116) 
44^4^4 4^47)14 4 44. 

0} ^, £ 154 (aH 44Ml*r 43°H4 °1 43tfl(ll0)» ^34 ^*J(117H1 4433 434^, 4^4 44 43 
(118)4 3 4*J(ll7H 4°d44. 334 4°J4 44 43(118)3.^ °)14343» 3444. ^3^i 3 4°J4 4 
4 43(ll84r ^444^44 4444 43°114, ?Joi| ^ 344^ °fl43431- 344^ 33 44344. =l 

34 4<H1 4*11 3443 ^4 43* 344^ 3£ 7}^44. 

3 4, 43* 3433^-5.^, £ 154 (b)°ll 44M14 44 44 i4*J B -^444 4^X144^47} £344. 4, 
*8 4X1 "S^Ki 16)7} 43(115) 4°fl 444 ^4X14(119)* 7}33, XI l ^4^Efloj]Ai 42} ^ S7 ^ 0< ^ 
±4 H -34 44 444^ ±4^ 4^X144^47} £344. 

333 3Aji LED(101 )-t 434^ ^3tfl(llO)4 443 ±4^434 44. 444 ^3H(llO)4 t 3HLED* ^ 
343 44 434(H2a)(334^ i^-44 34)4, 434(ll2a)* 434^ 44(ll2b)4, 44(ll2c, 113)* 
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4*144 4*l4(112a)4 44(112b)ii. 444 ^4*^4 *I44 4 4fe 42* 4fe4. i 

44(1 ll) 2 ) 44 4^4 71)44 44s 4444, 444 7U v 4 4444, £ 44 £^ 444 71)44 

444), 444-tfl f 1 °1- 444^ €4. 

0) <4 £o) #^-(112b)7>, 4*14(112a)(7-)4H 4*14 ^^LED(101)7> fsHr #-g- 444fe =f-J$±S. «\°3.4, 
££*0«-#£4 4*1144 4-4% ^#JL^r* 444 4 44. 

a 4^ 4(1 16)7} £44 44(115)4 .2.44(111) 442) ^Uic)- ^ s)*)4*) #3sHr 5J, ^ *§4*D#(1 
19)4 £44(111)2) 44°)1 444 34 44444. 4fe .2.44(111)2] *§44 z\2\^ t 
44<4 <Hii ^-2-<^l£ 444. o]S.M] ^J£3Sfl^-%iXH- 711 444:n 44 4i 

*H44^4£.442) t#-§- 4-g-f- ^ o. ( o^v. «V£*ll 44^44, 4°fl 444fe 4S.*ll4 ; 4ii4 44°114, $2£o| 
44 $4 44 4# 4 4£.*l|44±4 ^4 ^^<g7+-t 4444 31i£3l ^ £711* «|it 4 Si 

4. Jf-tf| o] 4S4|i7l"3 ^ ^ 6] %q ^-ofl <^7l^ ^^21 4°H o]5j) «fl^ 

±4°)1 5fl44fc, 44 3*3.3E. 4#4fe ^245.3., o)a). ^o. h^shsI §-2j)fe ^tfl «).;*] nV $^4|*d 

19)<>1 A Will) 44(112b)2) ^4l±4 ^71 nflS-oll, 44 3£il£f Sfl^rft - ftt±. 

444 44 ^1 2 ?*H*) 45L*i|44£4- ^12^-8:, 3HLEDd01)4 444(112a)°ll 444fe 44(SEfe 4"4) 
4, 34LED3.43 44fe 44 f-^t-a $#S||<g4dl6)4 ^4(115)4 £$4|3.^4=|*r ^M*(119)* 
^<34fe *4(31te 44)4 2fc ^S^OEfe 4^44)44. 

4 44l*Mlfe, 44 <M* ^§44^ ^4(3^r 44)-&, 444(112a)4 44(ll2b) 44<H1 3<$4fe i^(lll) 

$44^ ?4«^ 44)4 4^ ^l2 B ^(afe 7.11244)44. .s.4 4^144^ 44 444444.2.ii# 444°)1 
444te 44)4, 44 344444.2.2.3.43 i>4^ 44 *44£^, 4^ ^1 l ^4* ^ 

^4fe ^(3£fe ^2)4, ^7l ^^^4 6 15-S-S4e1 H i4fe ^^1 1-4451-^, ^%*\m *4 »fe ^1 2 ^4» 
^^4fe ^)* Sfe ^124^ (£fe ^124^1 H 4. ^ 7)4, 4 1 «e| ^sj ^sj-sH ^ ^ 

4«, ^ 2 ^Mo)i fe 2i«fl *Mf- ^e}4fe 4^44. 

SE ^^LED* ^4fe 7fls.S.fe, ^4S#7il4^1- -fiSSKS <+44^ 4£^» °l-g-«- =r 5fl4. 

^ 1 -£*\nn<%*\ A 4^4 Tjai- ol-g-t ^ ?xsl^, ^<**g%nm ^ej4fe 43-44 

4. 

€■ ^^^14fe ^4(125)^.4 ^^4^41- ^144^4, ^2ls^4 f- 4^ ^4# °14«ll£ 44. 

a ^4LED2l ^ 2J- a\c)s\ ^712) =■ sj.o]ois. 44, 4°HS.fe ^714 7Hr$ 

7flS.ol^ ^4. cfli- i-o] sj-oio) oi^aBs. 44. 

-«V£^44^4 424^21 *ft 3.^4- 

A 3 ^^l°i]s4 4°1^4^ «I444 «V£^i44 As^b^ * ^2:4^H cfl4^ -i^44. £ 162) (aMc)te ^1 

3 ?-*lH]2) «V£^« s ^db4 ^12^^ ^ 44^-S-i: 44M]fe 44i°14. 

47) £ 162) (a)ofl 44M)^ ?^4^ ^^LED(lOl)* ?flo]^(120) 4°fl 47114s ^^144. °1 ^ol^(120)« 
34LEDU0D* "1)4471 44 7)^(120)4, 44(121)4, ^44(128)2) ^)^ 4-^-5.4^ ?fl^)^(i20)2l ^4(12 

1) » 4*431 2)^-s. °144 44^#44(122, 123)* 4fe4. 444 £ 162) (a)<H) 444^ 44 44, ^^LE 
DdODfe -2.^-4(128)2) x^o)] ^^)s)ji ^j(o)iE ^ ^4^s.* 4-8-44 ^€4. a 4 ^2] ^^as4fe 
•34 -S- 4* ^4^s.4i 44. 

4 ^, £. 162) (bH 444^ ^^°1)4, ^^LED(101)2) ^ ^s). ^(122, 123)4 44 % 444(124)5. 
471^^.5. 3444. 

44<H1 i 162) (cH 444^ ^444 ^4(125) 4 ^4^1^4(126)2) 7))44 1 (120)2) 5.^4(128) 4 

°fl ^°J44. 4 4^I°1H14^ ^4(125)3.4 °fl4^144» 4444, 4 °H4*1^M f»s ^4*H 0 J4(126)« 4 
4^1 ?I4. ae)ui 4 °H4^1^r4» 7f<a^£ ii5"C, 7>?Ja)^ 12 a)^^ ^ £fe 7>2J-&£ 1201:, 7><iAi^. 5 x\ 
42) 2:30.3. ^^^-c).. 0)3.*) ^^l<g 4(1 16)7)- ^1(115) f-ofl 444 ^4*I1#(119)4 ^^44. 4 ^1 2 ^31 
0 fl°ll4fe °)14^1^1^i 44 #214^4^11 °H 4^-1 444 4444. a 3-44(128) Ml°)l 4°Js)^ ^4(125)3.4, 
l°l) 44 >347l- 4^- Sife 4471)5., o|« ^ 4s)aJ2a>o1| s)«fl ^^s)^ oi|^Ai^(4}-^>tA>>|) \X6663)4, 
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4*fl 344fe *M4lS.* 4444, 44 4 -^4(125)4 444 44I4 *r 44. 444 ^4(125)4 3 

4 4°11 <M(125)4 444^r ?H 444fe, ^^^1^^(126)^ 4444 ^± « 0 v*lt 4 014. aja^ t 
°11 44 344 44 4fe *r44l3.f- 444A.S.4, ^x)(i25) 4 ^M(126) ^4 4444 ^cf 5<a«l-7)| 

4 <r &4. 

4 ^, ^44 344-2-5.4, 162] (cWl 44^ 44 44 44^-4*1 HHIMfr 4:E*H44±47> 4444. 4 
, ^ 4*11 <S 4(126)7} 44(125) 4°)1 444 44*fl#(129)4 7>44, 4 1 44*§eW4 «}<q. 43E: 4 

£^ «H #-g- 4#4fe 5L4*J 4i*1144±47l- £444. 

444 ^LEDQOD-i 444xr ?IM4(120)£ 444 £4^444 £cj. nj-aj-Aj ?flo|^(i20)-g- ( 34LED* 4 
444 44 7)4(120)4, 44(120) 4414 iWl28)# l"44fe #-¥-(121)4, 443444(122, 123)1- 44 
44, 44(120)4 #-¥-(121)51 44(£4-¥-(128)H1 11 43144 $44fc 34 7>44 424 444. £4 

-¥-(128)2) ^44 44 444 7 fl« 0 >^ 41^, 44^4, ^©J 7 fl43 44s 44^4, SE, 44 S£fe 444 ^13.3 
44*4 444^ ^ oj^ ^o]ej£ 34. 

ojfij £oJ ^(121)7K 44U20H] 444 $4LED(101)7}- 44fe 44 4 44fe ijk4#.03.4 7l^-*J^ ^o. 

3. 4^3-4, 4£*)144±4 4*1144 <q« g. ^4^44 444 * 44. 

a <§ 441 «3 4(126)71- 444 ^4(125)» 4¥-(121)(£4-¥-4 #4)4 £4iL4 44 4444 444^ 4 4 $ 
44|*(129)4 .$.44(111)4 44°ll 444 Sfe 34 44444. «lfei^(128)s| ^44 44^, 44s 
444S 44^4 44^44 3 o.o(| s. ^s)fe ^ojcj. ojs.4, «H44 4:e*I|44±4» 44 7fl 444:2. 

4 4:E*H44±45.¥-44 444 444 34, oj^ ££*fl<£#±44, ojofl 434^r 4^*11 44±4 44°))4, 

444 44 34 4# a av£*u^^. ± ^ ^ -oj ^^^xji- ^7144, Hiiiai <a^.?I4^ €-41* 
«fl^% v 544. 4^1 °1 4£3l4i42l %q ^4 °1 ^4 4°11 ^714 ^%a|4 *4 4°ll 2lsfl 4^ 

u = v 4fe £4°)1 S!l44fe, ^ Aj i 4°1 2j^-s.i ^#4fe ^^olss o)sj ^ 3S.^£32j ^4444, 
^4^1#(129)^1 #-¥-(121)21 feojiicj. #71 »||54|, olsj ^ 3iiE3t Sl4. 

°144 4 2 ^^1^121 4£^m44;4 ^2:4^-8-, ^4LED(l0l)(^^^ v 4i4)# 7|^-(i20)°)l ^44fe 

4, 34LED£-¥-4 44fe 4°1 #44^4, ^4^1<a4(ll6)4 ^4(H5)2J $^ls ^^fe ^4*ll#(ll9)4 
<i44fe ^3) -I- 4^ ^112:4^ »1 4. 

cl 4^47flfe, ^44-^4* 7l^l ^44fe ^4, ^^44±4s¥-^l t4fe 4°1 f-44^4 U4*l]*-§- 
%44fe ^4, 471 4^*44 iHS -¥-3 44fe 4°1 f-44^4, ^4^1* 44 ^fe ^44 ^4* ^44 
^-i- 4fe ^|24^°14. 4714 ^§431^-8- ^44fe ^4^, 4°il 4«D 343*1 SHr ^4», ^4^1* 4 
4 ^4^fe, 4 i 21*11 343^ ^r4» 4«14fe ^4 44444. 

a 34LED* ^44fe 7fls.sfe, 4444741441- 4^1, 44444 4£^l, 4444 4£*ll» 444 44. 
^4^1^15.5.^ 4 1 44^4°D4 4^4 1st 444 4 4^4, 4*1 44^^4^111- 4^4fe ^4 4444 
4. 

4 4*H°lM*r ^4(125)^4 °fl4444» 44444, 4^2444 4 4« 444 44*fl£ 44. 

£ ^I4LED4 44 S 444 4 44 4421 443 344 4 444s. «8444, 444^ 443 344 7J4 
4 7BS.44 44. «flt- 44 4444 444 44 44*fl5L 44. 

444, 44 4 4*1HH 44 4^144444 444, ^4^4-b ^4 4°il 7>%-4 4 42J47H 

44^1 514 44444. ^4, 4£*H44^42l ^l243°fl 444 ^4^1°J4* 44 f41 5^4711 44 
444 si^^^HHi cflgjoj oisj-ofl ^^^-cj.. 

-^4^11 <3 44 ?44t11 44444 44 41 l 441 °il- 

^1 1 4*)HH]4^r 444 34 4°il 444 7J44 4^ ^ 44°fl >fl44 4^44. £ 174 (a), (bfe 4£*I144 
±44 ^112:43 °D4 ^44444 7J4^ 2 7J4 4^4 44 44^1^ ^4^44. 4, £ 174 (aHl 44^ 4 
4 4 4, ^-§-4444(l30)(KAIJODENNKl4^1) 4°fl ^-^(107)4 4444 44(106)4 3444^ 44, ^( 
107) 4*1H 444 7J4^S.^ 44(106) ^<H1 ^4^1 o l l7Kl08)» 544t1] 4444 t 44. £ £ 174 (bW 4 
4^14 44 44, 44¥-7J44(l3l)(^44s^)4 4*11 4^(107H 43 444 7j«fl£ 44. °il» #4 ^4(10 
6)4 ^4^1'34(109)4 4^47> 3.7] nH4<Hl, £ 214 (b)4| 44Mlfe 44 44 ^4^114(109) 4°)14 44(106) 
4 4¥-s ^4^°J4(i08)7l- ^4M4 444s, £ 174 (a), (bW 44Mlfe 44 44 ^-^(107)4 4447J <ls. 
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4, ***lil*Kl08) 4 #4(106)71- 4444 £ 212] (dH 4444 44 44, #4(106) #4 44444(108) 
4 5444 4444 €4. 

£ 184 (a), (b)-Sr 4-£444^4 42:444 4 1 #44(^44 4i444:ii44 4S4 , £)4 4444 ^44 
444 7>4^r 2 7H 4-44 i^El-vflfe ^££01^ £ 1 5 £) ( b )o)l 4E}.vfl ^o|)A) ^^-^s^. 7>%> nflS) # 

41 4444. #, H 18^1 (a)4 444^r 44 44, ^*:44##(130)(KAI.JODENNKI44) 44 53(117)1 4 
4*U #4(115)1 44444 ^ol, -=-3Ql7) #44 441 #4(115) #4 34444(116)1 5*} 

44 #444 ^ a £ 1821 (b)ofl q-Efifl^ t>}<4 ^o), #=-#7H->=Hl31)(^44x-§-)4 44 53(117)4 
4^ 441 7}«fl£ €4. 4! *4 #4(115)4 344^4(116)4 4#47l- hes, £ 2121 ( a )4 444^r aj-s)- 
44 3444(119) #44 #4(115)4 7.^3. 344 4 4(116)7} 4 7 M4 444-£, -£ 182] (a), (b)4 444fe 
44 53(117)1 4#43 <LiiL4 34444(116) 4 #4(115)7} 4 #44, 5L 212) (cHl 4444 a}a} £ 

4 #4(115) #4 34444(116)4 5444 #4:44 ^4- 

447}4# 4£444±4 4^4^ 4 3 544(44^43 «h5i444±44 ^a^js) £ (c)ofl 
5444, s444#44(l30) £^ ^44#7}#4:(131)1 444 # 214. 4 4*4:£, 4! 44 #4(125)4 
344"?] 4(126)21 «|?^7}£7l 4#4, 3#*ll#(129) #44 #4(125)4 t^S. 344^4(126)7} 4 7 <}314 
444£, 34444(126) 4 #4(125)1 4#43-2.3-4 #4 (125) #4 34444(126)7} 5444 #444 
44. 

-344°J41 5444 £#47)71 44 4 2 #44~ 

4 2 #4444^, #44 73s} ^ofl ^HV^A)7i^ ^ ^ tflsH ^^^4. £ 190) (a)> (b) ^ hv 
s4 44^44 4254 #4 531 444444^ 441 444 ^4£44, 531 444444 44 aj.^ 
1- 4444. #, S- 192) (aH 444^ 44 44 444(141)4, 444(141)1 4444^ 542-4(^4 ^jsf) 
1 44 44441 °l-8-4°l, ^^(107)<H1 s)44(l4l)* 444^ ^4(106)1- ^447lfe 44, ^-^(107) 4*11 
» £ 1921 ( a )o)l 444^ ^4444 £ 192] (bH 44*flfe 4444 4°H14 44444 444^as.m| ^4( 
106) ^4^^4(108)1- ^444 4444 44. «l» i-<>l ^4(106)4 ^4^1^4(108)2) ul^47)- 34 
«1«4|, £212) (bH 44^^ 44 44 *§4*H#(109) ^14 ^4(106)4 44s ^4^11 < a4(l08)7> ^^r). 
4-4 4£, £ 194 (a), (b)4 44^flfe 44 44 ^^(107)4 44444 ^4^^4(106) 4 44(106) 

7} olf-44, £ 214 (dH 44^-Sr 44 44 44(106) ^4^4(108)71- 5<a«)-7fl ^4-4 44. 

444, ^(107)4 4444^ 44fe S^-4 ^444 44(106) ^ ^4*11^4(108)4 44^4 #444. a 
444 44 l 444 4*114 4 90%7> 34-4°s, o) 1 iflo)) ^-^(107), ^ 44(106)1- 444444fe 44 
44444. 

£ 204 (a), (bfe 4i*1144±44 4 2 44 4^4^ 4 £ 154 (a)4 444 4^44 ^-^4 444 

444 44 44* 4444. ^, £ 204 (a)4 444^ 44 44, 444(141)4, 444(141)4 4444^ 4 
-^£4(£4 ^4)# 4^ 44444 4444 ^(107)4 444(141)4 444^. 44(106)1 3444fe ^4, 
^•^(107) 441 £ 204 (a)4 444^- 44444 £ 204 (b)4 444^ 4444 4444 4444* 44 
47J 0.^4, 44(115) #4 ^44^4(108)1 ^44 4444 4 Sl4. 4* 44 44(115)4 444^4(116 
)4 4447f 3.7] 444, £ 214 (a)4 444^ 44 44 ^ 444(119) #44 44(115)4 44s. ^44^4 
(116)7} 47<Ha4 444£, £ 184 (a), (b)4 444^ 44 44 4*8(117)4 444443 A5.4 ^44°J4(li 
6) t 44(115)71- 4444, £ 214 (c)4 4444 44 44 44(115) #4 ^44°J4(ll6)7> 5444 444 
4 €4. 

4 344£ ^-^(117)4 444 4 44^ 4^4 4444 44(115) 4 ^44^4(116)4 4444 #444. 
a 44fe 44 l 4444 444 4 90% 7} W^es, 4 1 44 44 ^-^(117), # 44(115)1 444444 
4 44 44444. 

4471-43., «Vi4444i4 42:4^ 4 3 444(44^4^ 4^444^44 4^4^)4 £ 164 (c)4 444 
4444, 44444 444 4 44. 4 444s, 41 *4 44(125)4 ^4444(126)4 4#47V 34 44 
4, ^444(129) #44 44(125)4 44^ ^4444(126)7)- 47^4 444£, ^4444(126) ^ #4(125 
)! 444443-^5-4, #4(125) #4 ^4444(126)7> 5444 4444 44. 

-34444! 5^44 44444 44 4 3 #44- 

4 3 #44444, #41 £##4 534 #44 # 4444^ 44! 4# 4^. 4#4 4444 4^4 444 
4444. 
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°] ^HHHfe, *<H "Sh^lt^^i- Tfla^fl *il l ^*H(H ^3)^)3 £ i2sl (d)°)l 44\I ^^H, 
^^I°^K108)» f"3-4fe ^^1(106)* 1/3*} ^(107W1 %-#a)?\3L, 7}<£a]i}£ 5 a] qo_s. 7} 

120tS. 4°3 ^4(106)# 3*WC4. o] 3 4 «V4t-°-.sL*| #^(107H] *§#*ll#(109)-§- ^ 

$4. 

o)s\- z>o] ^o] 7^5. 4^ s| S ^-o] ^*Vo.S.^, £ 2121 (b)ofl 44Ml^r 44 £°1 ^#4*(109) ^ 

<HH ^4(106)21 ^^-S ^^]°JxK 108)71- %7£f>}t= ^1(106) ^°ll *§#31<3*K108)7V ulaa] 

431 ^>5]7|| €4. 

o}#7MS., ^aU'S 7)1 2 ^*H(5.<i^ 4514 l^^l^ ^2i M o>^)sl £ US) (cW 44<dl ^ 

, £fe *J£«0«*i^l- *3iW * 3 ^H(4°li=^ 4£*11 *#±4*l ^2:^^)6] £ 16 aj ( c )ofl 43.^ ^3 

siTii 44. 

°1 3*T» ^Tfl 44 ^S^l^ol £0145.5. 5 3 c)^3\ %^°] $0] v}^^^ t 3 3 ^ £7 > 7].^. 44*144 



4 ^HHHfe, 4*4*4 q$t£ nflofl 3. ^512] =4-7,1 f- 4-§"4^r t«44 4^44. 

°1 ?*H«l4fe, 0)11- s-o^ aV£^l«v^7>2l *H3^H)f- #<H 5. 1721 (cH 444 S**fl*Kl08 
)» 4*4^ -^4(106)4 451* ^£5. 4-°-5.4, *M(106)2l ^4 ^4*fl ^7X108)71- ^Tj-gJ-Xl 
4 =r 5fl4. 0} ^^oflT-ife ^1(106)21 ^£S.Ai S**|^*Kl08)7> >g£2l ^£S. 44. 4434 

7\}$= 1 Pa- S <>I4 100 Pa- S <>14 *S4 tfl^l 3 £4 4. 

ol4 4°1 3- ^£21 ^11- ol^o.s.*?, £ 2121 (bH M-El-vflfe 44 ^%*11#(109) $<%*\ ^1(106)21 x-j 
4s. 3 WJ*>(108)7> a^-oj, ^(106) f^ofl m-aflfl 4(108)71- «uaj ^VslTfl ^4. 

W^S, ^la^ 711 2 ?*H(i^$ ^£^^^-±421 7ll2«J-tf)2l s. 142) ( c )«| i+Ei-va 

, 3Lfe *£^^^-di4 ^l^'g-'g 7)1 3 ^^I^(4°1H.^-^ «>£^^-^7.>sl Tll2:« 0 >^)2l £ 162) ( c )ofl ulEl-Hfl 

oflAi ^£S] ^1# ^1 ^ofl ^^<g7l-7> BU^| 5^*1-7)1 g-A>5| Tfl €4. 

^^^Tfl S-AVAl ? )7l 4$ 711 5 ?*M- 
^ 5 ^*H4Hfe, *H ^4* 7V?J 4 Ijis ^1 ^1» A>-g-^ fe rfl^aj 

8)» %tt$= ^1(106)5.71, 7121^0)1 ^^sl-fe ^*|(-frJ|-*M-* YL6663)(ol5l- ( ^^^^^ «•.)» 
°l-§-^4. £ ^1(106)5.71 ^l^^oii aisfl ^^-^ ^(o^, 2 ^^^7lsl- oi-g-sns. ^cl-. 

^ 14, 2l«J TJ^S}-^ ^HlA^, ^ofl ^]2l ^J£7l- T-m^ A]7]7\ &7] % <& 7>(108)2l 

4^21 ^7j-ol SLOUCH HVsfl, <gol] fil^. 7W#7$$%^7W 2***fr** *W1 

9j4(108)7V alH^j ^|(i06) ^ofl ^s\^ ^ <£$ jjtf. 

4^71-713., «V£^(|^-^-±7l- T)li«J-* 711 2 *5.«il^^7>2l Tlla«}-rf)2l i 142] (c)ofl 44sfl 

, £^ «£afl**±4 7«SnJ-^ 711 3 «VE*im^7l2l ^2:^)21 £ 1621 (c)ofl 44\5 ^ 

°il7l, ^ o)| £)$ ^^f. ^ 7V2l7j^^^lul 2 oJj^^.^H. o)^O.S.M), ^1 ^ofl ^^I2j7f7> H] 

22j ^^5^711 ^=1 Tfl €4. 

^7| ^ 1-^1 5 ^SfloflSl. ^-ol, ^^oj^s j^cj. ^oj^^ -ofl §.AVAl7lfe £^ #)^-0. 

5^, 4^-4 ^ a41- °i* ^ S14. ^^1°J7>1- ^ ^°\}^ f"S-*o.s. S^«*-7fl ^v^^j o. 

5.^, ^t^l°J7>7l- ^^114^ 7J o-oil «1«B, ^^LED7l- #(450nm~560nm s\ 3)h» 

£fe ^l-?-^7i $784fe ^^°J7H 4£47fl 3-°jsi^ ^sioi 21^-3. ^ Sloi, aj^4 ^ <* 
^^S14 
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£ ^m*}?} 44fe 4*H£., 44*H 47fl*Hr ^^l^^H 4£*M) -g-<as|fe U44 443 4444 

%°) 7^44. 

£4 ^431447} 44 4^44 7^ S.^) £ 2 l4 (a), ( C )°fl 44M14 44 £4, ^^7> 7^1 

03) 4°ti ^14*114^ t^o)! alafl, ^ ^LEDl 444 34°fl 10% ^£ 44 ^44] ^SJE. 44 ^ 4514 

451*lR44 7)131^4 fAH, AJ) fl£> 7 0 V it ^ 7M ^ ^ 014 

444, ^71 t)1 1-^)1 5 4*H14 ^4 Site 444 44^3-51 Jl4« <94 4 $244, 2 7}4 ojtffc ^fo^ 7} 

m 44a44 ^444. 

-^4*1144 H^ofl 44 

£ 22te 451*1144^44 ?J)HlE] xfls, ^44*§4*fll 4444 ^4*ll3)14^Hl 444 nfl 444te <§44|2«4 
— — £4444 4444 4*W4 44 Mite 445144- 51 22^14 2004 43*g3, 2014 = , CAte 451314 
4^44 ?H44, 204te 205te 445i4, 2064 ^^slMiS, 2074 % 4*11 3] 4 ^£(206) 4°fl 444 ^ 
**N*h 208^ ^44314^(206) 44 ^444. *ll^(201)te, «lll 44 4S.'8H(200W4 44*1)4 3:3-3 
31 4 ^(206)1 444te ^34(202)4, 441 31 4 ^(206)1 7fl 4 4 (CA)3 444te i^&(203)4, 1§34(20 
2) MH apl^ ^-g-( S )-g- 4444. *a^H(200H 444 ^441414^^ 44^H(204)4 W 4*11 ^ 
34(202)3 ^44, ic#(203)344 ?1)44(CA)3 444°-3 §-#€4. 

43*gH(200) °J*N *334(202H 444 314^142064?, 444 ^4<Hl 44 34*134(207)4 -g-4 

44, 3 4*fl < 3 4(207)4 -g-^44 tgAjs)^ Tj^ol 01 4. 4(207)4 4344 3^44, 5^(203)4 4U 

4 441444, 444te 34*11 314^(206) ^ 34*1144(207)4 4517J- 4sHI44, ?B44(CA) MH4 34*11 
44(207)1 4^4*11 44444?} 4444te 344 814. ^4 a. ^^h^e s.#^h^^, 

43^3(200), ^34(202)°!) 444 34*11314^(207)1 244^.5-34, 3 4*11 3 4(207) -§-^#4 
5i7fl*>£s. ^^4. £ 2241 44^1^ <Wfe, 4a^!3(200)4 ^!h4(202)<H1 ^44(S)7> ^oioi o.^, 
(S)l- 43°fl 4«fl ^SH ol^Al^J o.s.m| ^^^ol^E(207)* 514^14 t 5ft4. °1S4, 45.^3(200)4 

^34(202) Ml°)l7i2l -§-^0] ^7)1^4. 

«^44, €a^a(200)4 ^34(202) Ml % 4^11 ^°1 is(207)4 h«hhi ^, s. 22°fl 44^^ 44 4^ ^44( 
S)# »144^ 4^°11 4^5)^1 8t«.4, ^34 f- vfl^MM ^4^3ll< 5 liS(207) 4^45. 4 ^4# 7>^*i ^ ej^j 
4fe 4^°144, 4# 4^4 ^fl-g-4 4 XJ4. i# 44 ^34(202H 444 4^«fl£ s) 13 !, l g34(202)<H) h4 
4^4 4^^fl47l^v «8£. £4. 31 4^3(200) Mli €e11- ^^l^fi 4^^3(200) tfl^l 1e1* ^4^)1 
511 01 (206)1- 4^44 «(]^14 4 5St)1 44. 

SE4 4 4^°fl4 ^^^^oiiE s.#^h^, ^ ^ 4 oi^e (206)4 *l-4£» ^«H44 44^4(205)°1 =t 
^44. ^4^1^ t 'liS(206)7} 44^4(205)4 444 "fl, ^4^1^1 o liS(206) 4 ^4^1^4(207)4 4^4°1 
^1^^-0)1 4s)i ^1^-^-401, -g-^o] #01^4. ^^(205)4 4 4 #4 3]h(202)4 V-4 44i ^44^4 4 
^s(l44 45.^3(200) 444, £44 ^4^. 4<H14 4^4 ^4^^4^(206) 44 4^44 344t11 44 
4, ii4(203)s.444 444 43444. 44^4(205)4 »41 *fls(202)°fl4 %W 434 4*114-^4 ii#( 
203)4 4^4 444 © 444, 7ll44(CA) ifli4 ^4^1^4(207)1 5^47)1 4444^ S°l 44 44*1144 
. 3L 44^4(205)4 4=4 444 4-S-^r 4^4, 44^^4^)14 ^£ 4°fl tfl444 4^4t)1 -M444 44. 

-*§4*)144 M14- 

Y AG t)1 ^4^71- ^144fe 4?I o.s4, ^4^)14 £^114 4447f ^41 4444 4^S4fe ^^-S. ^.o).^!^ n. 
44 44^71 YAG^l *§4*ll7l- <$^°\] cfl^^isj^ 741. ^zi-^v - 014 a, ^7)14 ^ 7 >4 44 cfl4^Sl 
^4, ^44^5. 44^r 4 s. 444ss YAG^l ^4^7> ^444. 

44,444 (Sr ,- a! - bl - x Ba al Ca bJ Eu x ) 2 SiO 4 <L3. i44^ 4444 4^s. ^4*r 44^^4^114 
44 44°ll M144 4444 Sfe 444, 44 cfl44 ^44 4t)H ji444, 4 444^4^11447> 444 4 
tfl4 40.S. tfl4^^4, 444 43. #4^4fe ^-tIH 40.^5., fl-4 < S^4^1°J44 44 4*IH 44 444^ 
% ^§444. 44 44, 44°fl H44fe 44^.4 o)i3.Ai^i2i- ^^^^7^ 0.4. 

44«-S4, YAG74] ^4*ll < ?144 44^4 444 4 44^5.4, ^4*H° t 144, 44°ll H44^ 444 4^5. 
444fe4^4>844 4sl4. 

^4^1°J44 3.4°11 444, 44-2.3-444 444^ 4^4, 44 *§4*IN4ii=4 ^ «^4 44444 
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tfis^t 34°J43 44°->!4 44^44?! 4, *oi 014403 i25t ©I4°fl4 A^]A 4 350Tj°il4 ^44 
4. 34*113 444 44i2- = 4#3 ^434 ^VAi?i7| 4*11 4*1, 47)44, 4343 44 ±% 7MS. 44. 

21 34*H°J*>3 334^ 344fe 43-°-£.4, 47)^444431 7H-£afl-I- ©144fe ojc]. o| 

3- 4 33*H<3*l-3 £44 4-°-3- D4471 34 444<?lSiO 2 -§-344 4Sa4. £4A1 2 0 3 44 334 3 
44 33*ll* £4*143 444^4 AKOC 2 H 5 ) 3 * °1444 °1» 4244°-*! 4°H4 44 S1«Va| 4 
*lliL4<>ll Al 2 0 3 4 3444. 

o]s\- 4©1 tj\£ =$0) 44 2} cfl4^44 444 434 4^1- 34*H°J43 44 £fe 344-°-^ 

4 443 314434 444 43°t| tfl44 ^Il7> 44 344 %%%}<QA4\ 434 4444?} 1-51431, 

34*H°J3-433 $r$6\ 37^4 44-4 t§4*ll©J43 ^7 0 Vol 4444^ 4144 4 4^4.44 YAG3] 

3 4*11 °J 4, fl-4334*fl°J43 ©1^ 34°)1 SH4£, 3<H£ 3 4*11 °J 44 443 443 34*fl°d4» 44 

<*^<L3, 31444^ ^* 4@!44, f^4 ^^1^7C>S1 4344 ^7\\ ^4 4 434* 

£ 4443. 

©144 *j4*H°J4 £4iiL3, 4 tfl*d*Hr 444©14 44^3.41-01 3144,4 444^ 4 0.4 s:47V 4<l4 
444tII &*-4 434fe 44 44*1)34 #)£4 444 434 &4. ^efl^l 34*fl°J4 £4°fl.s.3, * 3l44*r 

44#©14 MiS^f 3443 4444 «gfl fe> $4a|<g4<SJ f^ofl cflsj-^ 0.05%~2.0%4 34 * t34 
4©1 444 ©14 7>4 43°U4 34^4 ©H44. 

©13 44 £ 11:33 a 3# 43°fl4fe SiO 2 * 34 Sife 4444 Y AG 7^1 34*U» <>]14444 f^ofl ^ 44 
$4. 4, 4 <344fe 444 -¥-4 £fe 3444 YAGtH 34*114 ©114444 4ofl 4^ ^ 

% ©13 4£ 42:1- 42:4fe 4^-2-3. 44. 3 4447flfe, tis ^44^ 44#, f^- iL=4i-* ^-4 sEtt 
3)4^1?] YAGTil ^4^11«, 314*1 47)4 ofl4^14^1 4<Hl 4fe ^ °14 ^» ^1^4^ 4 
^sis. 4^^, £ ^sHLEDsl 44°1 °1 <H14^14^11- 444^ ^ ^ °14 4^ ^4 ^4^ ^±s. 4 

£ 212I (c), (dW) 44vflfe 44 4°1 ^4^1 < ?]47> ^"§47)1 44« ^^7i] 44 444^ 4£^11444i4 
fi] ^l^^l 44*1144. 

-4:e*1)44£42) 44<§^4^^ 

°14, 4 41^1 4£*il444i4 0 ll 44 4^1^14 7l#44. 

44^431 ^14 4^fi) 4 

?1A 4^711 44 4#4fe s^si 44 < S^4^1° l ]41- ^1444. ^4^14^.^-4 444#(BaC0 3 ), 44^S^ 
4(SrCO 3 ), 444s#(Eu 2 0 3 ), °144fl-£(SiO 2 )s) 4 444 °144^, 4^^^^ ^444(CaCl 2 )4 
°1444. ^4^145.21 4£fe a-4 99.9% fl4°H, ^4^14^.21 44) 10/an ©14 5^m ©1421 <g$l ^21 
514 01444. zleI ji 4 €s°ll cflsil^^ 447>i<Hl 214 3421 -2.44 &<>V) ^sfl, ^ 4 900t2i cfl7l 4<H1 

43 7>°| 4^21 44^44 s44°l °1» 4444. 

444 4444 9.9g, 44^H€-4 i38.0g, 444^.4 2.6 g> °I44^± 30. 7g ^ °J444 l.7 g 4 44434 
°144^ 344 4, °1» 444 44 4444°1H 44*1 444^1, 44^43) 4^-444 <&$=A. ^ 4, 44*1 

4- £S°fl 44^4*11 4H444 4 3-, 44 D 147l- ii^4°J 4^7lii ifl2i ±$ $i ^ofl biia14 ^, ±44 
*844. ^^4^r 7>44S. I400t, 4ii 5% S 95%2l 42I7I 4°fl4, 7f<i A 14-a: 2 440.S. 44. 

i^4 M147V 4-&4^1 ^44 5!4 4°J4 4, ^«-(fl-4°J^4^1)4 ^IMIji sflifl, m, ^ ^ 42 43 4^1 
el» 4444. ©144 4°1 44 443 134^4 ?\A°) 4^711 44 444^ fl4°J^4*lll- °i^4. 

©14, 4<H4 44°J^4^121 434 44^ 7>4 14* *4 144. ©^71*^x4 ^4 , S°fl 214 44°^ 4*11 <8 43 
434344, ^©14^^- 443 °j£4S437H 34 44°J^4*)1 °J43 °J£4i % 43°J34, ICP44 

44 44^4 ©144°1, ©1 44°J^4*113 ^34, fl-4°J34*113 ^A%^^ ^ 44^aiM^4, 3 Aj i©l7l4 
3 44^^^^ ^ 3^ 4°11 3*11 ©1713^ 34*113 44^:^34 37>44. 

£23^- 44 < S34*fl©ll tfl4°l 444X4214 n A A 144 444^, 3444 X434 4^3 47ll4 44MlfeX 
434 314:£©14. £ 23©H 44Mlfe X434 44©ll 434^ 443t!1 Sr 2 SiO 4 4443 X434 n 
4(£ 273 (b) 4^)4 44 3fl4©14. ©lfe 44©51°fl 44 44°J34*ll7> A V M 134^4 4fe 4°i 1333 ( 
Sr, Ba, Eu) 2 SiO 4 34*1134 4444. 
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£ 24^rX431 1 ?H 2l£ fl"iV°J^#*]13 44^ £014. £ 24°11 44^fe 44 440W 4 

4 44oj 3 4*^*1-21 <Q%o] 4 3w °14 30m ^fl ^°11 4£44 11.5^ ^ «g^-g- Ife 34*H<y*r 

4 334 34*H°J4 4444. £ 444334421 14, 44334*1121 1 711 <a*>4 f^if^ 343 
4 7flfil «^fl^7> 433<H o]+6]£ 3Jolfl4. £ ^>7l 9J^<g^2l 44 Tllo} fia^fe 4*14 3*3 

^443344. 

44°1] ICP4444 43134 3443 3 440J34313 234 5g7>^4. ^14, #71 44oJ34*H3 2:34 ( 

Ca o.oi5 Sr o.92 Ba 0 . 0 5 Eu 0 .oi5 >Si 0 .99 0 x «H. ^M*| 44334*11 2:334 7\<>\ 1331 4. 

4-tr°-S #71 1*4$ 3**13 334 iStE^sJ. ^^^jE^^. 3g 7 }$4. ol olnl £ 8°l] 44^ cflS.3 

4. Ml at- «fl 5. 8°)l-c- YAGTi] 34*fl < 3*l-3 3714^^34 44 ^e^o] 5^44. £ 8<H1 44^ 44 

13, 3 °W 44 44334*114 250~300nm 4e°l] 334 3Hf- 7^H, 100~500nm3 g-g. 44<£4 vfl2l f 

* 4443 569nm°ll 443 Hf- Ife %^7l] 34*1134 44\!4. 334, 44334*114 4#4^r 4^7)1 #21 
CIE^£4£°1143 d|£(x, y)fe 44 (0.484, 0.506)34. 

£ 25fe tMHI1!«S| 44°11 3143 3444 ©I*, 3443 14* 44^14 ^34. 333^ ^-71 3 

eH13 ojol^l Tf^^^ofl 44 470nm3 o^l-g- $4| 4-§- 2:443, 3343 44^4^4 $44 ^ofl 
2]*11 333^ 34*113 ^^£^4 <7>£4. 333 470nm3 #-2- Xe^=2l £4|3H)-*H ^44 

1 0.3.3 3^4. H Ut 331 s. 25°llfe Y AG 7^1 34*113 43 44^^34 f-^ajE^ 7j-££ 44\E4. a, 

5. 25<HlAi 470ra2l 44 3}3fe ^ 4 ^-(^^ #)ofl 2}$ 3H4. £ 2 5°)lfe ol ^43 3 4*11 7> YAGTfl 34*113-4 3 
«H °14 33 44 44471 34 314 4^ 34, 3 44334*117} YAG34*1H 3*11 34 4-ofl ^ 333^r 
44 4£7> 443, YAG34*1) 444^3 4 €44 3* 4444. 

-44334*113 44 43- 

0 14, 471 44°1I 44 *)12:$ 44334313 434 4^147)1 4^44. £ 534 4s» ^4333413 t« 
S^9J 2^4 4^4 is. 44M1^ £oi4. £ 53 ^°fl 44Mlfe 3^4, 7l^ ©.s. ICP4444 4^^°H 2isfl 
^4^7>$ 2^, £fe 4#4 ^44421 145.4^ 4^* 4 5tlfe a^°14. 

o]7i fl4°J^4^2l 2:^4 1342:21 ^^^4. HE o. Eu ^£(= Eu /( Sr + Ba + Ca + Eu)S 3 

214)4 ^^^oj 2 44%(4, Eu4£ = 0.02)S 4i, 14001221 QQ$#7) ^14 2 ^1^2] i^ofl -go. ^ 
oj^^i ifl4 5Joi4. 

44°^4^Tr 4°ll7i ^tg* 44 1°1, 2i A M $n %°15L 44^7)1, 44^7(1 3 7fl2i l^^si- #14 

4 Si 4. °14 44 1343:°fl <H4ol £ 2621 ( a )-£ 302) (b)4 4^4^^ ^^44. 

£ 262) (a), (b)^- 44 4^13., Ca4 Ba4 4^ 444^1 ^ (Sr 098 Eu 00 2 ) 2 SiO 4 ^4*11 * 44^1 443 
711 Sr 2 SiO 4 4442] 4 X434 =11 €£014. s. 27 $ (a), (b)4 44 4^1-4 Ca4 4^ 444^1 Ba4 
^144 5 44* 444fe (Sr 093 Ba 005 Eu 00 2 ) 2 SiO 4 <§44l S 4421 a>«v^t11 Sr 2 SiO 4 44#2l 4 X 
431 sj|€£ol4. £ 2821 ( a ), (b)fe 44 48flS, Ca4 Sr* 43 444*1 SHr (Ba 098 Eu 00 2 > 2 SiO 4 ^4 

* 5? 4*121 443711 Ba 2 SiO 4 44421 4 X431 JflS£«>14. £ 2921 (a), (b)fe 44 4^^-, Ca4 Ba4 4 
4 38 44%, 60 44% 444tt (Ca 0 38 Ba ceo Eu 002 > 2 SiO 4 ^4*11 ^ 4*1 3 4437)1 Ba 03 Ca 07 SiO 
4 44*21 4 X^sJ! ^€£°14. £ 3021 (a), (b)fe 44 4^5., Sr4 Ba4 43 444*1 ^fe (Ca 098 Eu 00 2 
) 2 SiO 4 34*11 ^ 4*121 443711 Ca 2 SiO 4 44421 4 X431 2fl€£ol4. 

°}7l4 4 X431 4444 2:44°H*1 43€ cfl°14ol4. £ £ 2621 (b), £ 272] (b), £ 2821 (b), s. 

2921 (b), i 3021 (b)4 44 JCPDSUoint Committee on Powder Diffraction Standards) 4-5- °fl 21 s|) ^-*144 4 
4421 cfllojElolDl, 4 i^oj^. 44#Sii7l- SA144. E 2621 ( a )-304 (a)4, £. 2621 (b)~302l (b)2) X431 
4& 4421 cfluH 21511, «1|o|4 4^4 34^121 1342:^ 44 443t11, 443t11, 443711, 443^1, 44 
3tI|oi 514 4 4 5i4. 

£ 440134^121 2:34 4 134^21 ^Tflfe £ 5341 44>fl4 4°14. (Sr, Ba) 2 SiO 4 : Eu 2+ $$-*|| ^ (Ca 
, Sr) 2 SiO 4 : Eu 2+ ^^^lfe, £43tM 443^1 s\ 13^2:* #14 4 $i4. (Ca, Ba) 2 SiO 4 : Eu 2 + ^ # 
*H4 4437114 44374)4 44371121 1342:* #14 4 ?J4. a Sr^l44( = Sr/(Sr+Ba+Ca+Eu))ol 3ol£ 5 
0 44% ol3-4 (Sr, Ba, Ca) 2 SiO 4 : Eu 2+ ^#^21 13^2:^ 443 °1 4. 

1342: 4°fl4 43 ^4*114 4 414 (Sr j. al . x Ba al Eu x ) 2 SiO 4 3 4*11 °1 4. Ba4 43 444*1 ^4 
444 (Sr ,. x Eu x ) 2 SiO 4 34*114 3°l£ 0<x< O.12I Eu4£^4 iflofl4fe 1342:1- 4^14, 
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Ba *|«3r(=Ba/(Sr+Ba+Ca+Eii)).2.3.4 1 «*r% ^£ Ba* fl-R-^S.^, (Sr Ba al Eu x ) 2 Si 

0 4 M^^£ Eu*£7 r 0^x £0.3 <8fl »fl<*Mfc 4 u <H7il I^t 1 ^* SMI 44(£ 53 #24 

£ 3isj (a), (b)* Si^ <a^.7>Ge*.5. *144 (Sr 084 Ba 014 Eu 002) 2 (Si 08 Ge 02 >0 4 ^ t*121 

4 U <WI Sr 2 SiO 4 S X^dSj^ ^€£©14. 5. 3i2] (a), (b)* 4^ % 0.3, <$ £^2] sfl 

^^IsJ-fe SiS) <3-¥-7rGe-2-S*l«€ (Sr 084 Ba 014 Eu 00 2 ) 2 (Si osGe 02 )0 4 WW 33 

?2&7> 4HH7H°J* $ ^ $14. 3= ^OH^fe ^44*]^ SiS] oj*4 GeSLS. *144 (Sr 084 Ba 0M Eu 002 
) 2 (Si os Ge 02 )0 4 ^#*fl^ ^^^fe, Ge*l«$( = Ge/(Si + Ge)W 0-100 €4%2) 3 ^l€-^^°fl>H 4 u o v 

t|~8-o.S * ofl fl-AVS^^S] 2^4 ^%^3\ ^oj) cpH ^$4. ^ji olsj-a) ij^r: Eu*£( = Eu/(Sr 
+ Ba+Ca+Eu)3- 4^34 2 %A% 2. «M, HOOtS) 44£37l 2 4 #3 £^0.3. cho^ fl. 

3*o] 4. 

£ 32fe Ba^]«:^(a3)ol 4# (Sr 09 8- a 3 Ba a3 Eu 00 2 ) 2 SiO 4 $#*(|S] **>i^£fl £ol4. £ 33* ^14^ 
5 Ba* 4**M Ca^«r^(b3)^l 4# (Ca b3 Sr 0 9 3 -b3 Ba 005 Eu 002 ) 2 SiO 4 ^#*fl2l t4^S 

e} E«|tf. £ 34^ Ca*l «%=(b3)°l 4^- (Ca b3 Sr 098 _ b3 Eu 00 2 ) 2 SiO 4 *§4*fl2l ^#^^3 £ol4. £ 32 
~£ 34^ 44 41 4 44^fe £°14. 

£ 35^ Ca*|«Y(b3)<>l 19 €*r%, Ba^*%=(a3)ol 24 €*>%2) (Ca 0 19 Sr 055 Ba 024 Eu 00 2 ) 2 SiO 4 
*«2| <£#i3]S3 Hol4. £ 35°1| 44^1* OH^* ^ #7$ 44 254nmSl 44^ofl 2]$ <^7| «HH 4*3 
414*^4 3014. 

o^H, i$q %6\) o]4 q 7 ] 44, 4# 254nm^ 7r44°fl <>14 <^ 7 1 4°IM2l tf^-^e^-fr a|a^, <*[■¥• ^# 

£ 4 tMJSS***! ^7l^a)E^ £ * t^o)] 44 ( Sr 1 . a3 . 53 . x Ba a3 Ca b3 Eu x ) 2 SiO 4 *g 

%M)$r, ^£Sl z}7\ 5ft7]fe 4*14 4 floH *H£ ^ ^43. 4# 0 1 470nm4 $4| ^-ofl 34 0^7) 

sH4* ^^^-^-%i»-£ia^^2l £#4 4^ ^ 44-^Al-s Sl^ 3#*H«H, ^ T a 

*3flH 4 ; 9--8r 505nm-598iim "Sfl ifl°fl 514. 

a« (Sr 1 - a3 - b3 - x Ba a3 Ca b3 Eu x ) 2 SiO 4 ^°fl4£ Sr^l #<$*\, *W 

7] 4°fl^ a la^ ^ ^-°J€4. 

£ 36* (Sr 098-a3 Ba a3 Eu 00 2 ) 2 SiO 4 ^^(fl-^-S^^H %°\*\ ^ ^^3. 4#s] Ba^l$^(a3) 2] 
44M]fe £014. (Sr 0 98-a3 Ba a3 Eu 00 2 > 2 SiO 4 ^^Hl 5a<H-H*l Ba^l«:^(a3)4 ^ ^A3. 4^ 
21 ^Ml* £ 53«fl£ 44\f4. »1* £^°fl4 *r 5flfe 44 S°l, °1 if^^^4 Ba^l«-^ol 0 €4%°1^ 0. 
3 ^4% D 1^>21 21 oil 4 ^ ^%?\3. 4^* 535~545nm ^1 5lo.^, o) ^<*%%n)7\ u 0 v #4fe ^^o| ^-^ 
°J*H ^*fl, ^jo^t Ba^l4%=o] o.3 €4% ol^v 24 ^14% 0142^ ^40)14 ^ ^3)3 4^-& 550nm 0I4V 60 0nm ol 
421 4Aflo|o.o(| olonj, fl-Aj-oJ^^-^7]. ^4^ ^^-o. ^ ^ ^. om «g ^ t ojf. s. 

ol 51-8:4^ 3" 4t^4 *HM 3 ** j1^«t^, Ba^«%=«>l 0 ^7f% ol^V 30 ^4% ^ £ 0140^ ^^o(| 01 

£ £ 37* (Ca b3 Sr 09 3-b3 Ba 005 Eu 002 ) 2 SiO 4 «*^(Tf4^«*^IH * **sl3 4^2] Ca^l 

4^(b3) 2)^* 44^fl* £°14. £ 37<^1 44^1^ 44 ^°l£ Ca^l4^o] o ^7]-% ojAV 57 0)4 
21 «S4°1H, °1 fl^^^-^el ^ tW3 4#* 550nm 0I4V 600nm ol4o| 33.41 eg ojofl oj o.^ Ca^l^^o] 70 
€4% ^£ °14 ^41 Mloi] si^ ^*^%M}7\ « 0 V #4* t^-* 4^M1 ^-o] 4. ^^^4 ** ^314^, 
Ca*14lH 0 «4% oK v 80 €4% ^£ 0I42I ^2lo)l 01^ TKVoj<g#*||((Ca b3 Sr 093 . b3 Ba 005 Eu 00 2 > 2 
SiO 4 <g^)fe 4^7il ^* «8-#t fl* 3 -°-iiL Sl4. 

£ 38* (Ca b3 Ba 098 . b3 Eu 00 2 > 2 SiO 4 ^^lW'ir 0 !^^)^ 5144 ^ u s ^^a 4^4 Ca^l€%=(b3) s\ 
^ A J* 44vflfe £014. £ 330)1 44inlfe 44 ^-o] (Ca b3 Ba 0 9 8 - b 3 Eu 00 2 > 2 SiO 4 ^^^21 # S^^^ofl 
^^1 ^ u s v ^3lH 4#* 500nm °W 550nm nlnj-o] ^oj^o]] ojo.^_ (Ca fa3 Ba 0 ^_ M Eu QQ2 ) 2 S iO 4 
7> *#4* ^* %^7fl ^ol o>y ^Ajj^ ^014. 

£ (Ca 0.19 Sr 0 . 55 Ba 0 . 24 Eu 00 2 ) 2 SiO 4 ^^^121 ^ %%3\EL 4^*, £ 35ofl 4e}\5 t^^Ji 3°f|4 °i 

44 *o|, 550nm °W 600nm ol4sl ^AJiojcdofl ojo^, (Ca Q19 Sr 0 .. Ba Q24 Eu 0Q9 ) 2 SiO 4 ?\ 
#4* t^* %-4t41 #o)4. 
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344 3^«844 4^4 iW:$***£+6i 4^7)1 43 £333, 3 2^^ Ba344(a3)3 0< a3 < 
0.3 Ca344(b3)3 0<b3 <0.8 $fla]Cr. £ 44347)1^ Ba444(a3)3 0< a3 <0.2, Ca344(b3)3 0 
< b3 <0.7 13334. £ 53°))4 4 ^ 4fe 44 43, 3 £4133 ^fl tH^S**^ 4^4£fe £-?- 44 
3 7)1 3 4. 

£394Si3 -a-¥-7> Ge 344 (Sr 08 4 Ba 0 i 4 Eu 002 > 2 (Si 08 Ge O2 )0 4 ^4*113 44^8^4 % 
2« ^!*fl 44H14- £34. £ 39°)) 44M14 44 43, 3 ^ 4*fl£ ^4 4°fl 34 33 4°)H 444 ^ 44 
*g4*fl°13, a 44 7 <)-£te Ge344( = Ge/(Si+Ge))3 ^cfl4 41] 37)) 34434, 33£ Ge3443 20 44% 
-100 44%3 *|*'8fl«1Mfc ^^(^ ^3)H 44: 4 550nm)34. 

4^-°)l tKt"^*^ Eu 2+ 44^43 4£( = Eu/(Sr+Ba+Ca+Eu): Eu4£4 44 33)4 33 t 1 ^ 4 4444 
51 47)11- 4344. £ 343 434, £44 (Sr j. x Eu x ) 2 SiO 4 £4 (Sr 095 . x Ba 00 5 Eu x ) 2 SiO 4 S 

43, 14001:3 44433 ^°)14 2 343 ±^ofl 2^ ojo^ fl-^^*)! t§ 0.0) ^0)4. 

£ 404 Eu4£(x)7l- 44 4^- (Sr !_ x Eu x ) 2 SiO 4 *I4*113 44£^ i f34 4^4 3*1] 44Mlfe £34. £ 
414 (Sr 095 _ x Ba 005 Eu x ) 2 SiO 4 ^4*113 44^1=34 4^4 331 44M14 £34. £ 40 4 £ 413 
H1334 44 44 254nm3 434<>11 34 <^7l ^3$. 14 £0^ 30)4. o^- 434-£<>ll 34 

3 444t)| 4344, x434 s))43 ^VI-bHH^ ^o)EEu*£(x)7}0^x<0.1 33 34 (Sr !_ x Eu x ) 2 
SiO 4 *I4*)13 4^4£fe 4437)134. £33£Eu4£(x)7l-0<x^0.3l34 (Sr 0 95- x Ba qosEu x ) 
2 SiO 4 ^4*114, 33£x = 0.34 (Sr i. x Eu x ) 2 SiO 4 ^4^)14 4 3 4£fe 4437)134. 

£ 424 (Sr !_ x Eu x ) 2 SiO 4 ^4^)4 (Sr 095 . x Ba 005 Eu x ) 2 SiO 4 ^4^)14 ^ 4433 443 Eu4£ 
3^334 443^ £34. £ 42°)1 44M14 44 43, 33 43 4 443*84*113 434£4 44 A -S 43°I14 
444371- 44. 4, 4433 434£# 4fe, 33£ Eu4£(x)7|- 0.001<x <0.l 133 3°11 44 (Sr j_ x Eu x ) 
2 SiO 4 *§4*)13 ^ 443 3. 443 500iim 34 550nm 343 4^33°11 4431 hV^), a>« 0 v^^) l^s* 4 
fe, aj<H£ Eu^-£(x)7l- 0.001^ x ^0.3 133 v))4 (Sr 0 95- x Ba 005 Eu x ) 2 SiO 4 ^4^)14, x = 0.34 (Sr j_ x 
Eu x ) 2 SiO 4 ^4*113 ^ 443H 44*, 550iim °14 600nm °143 4^^^°)1 44. 

ol4 43e)H&|o 1 H 4 =r 4fe 44 44 254nm3 434 <^7lsl-i4 47I ^^4 °\A 4°)l^i 443^ 4^7)1 4 

44, 444 4^4 4°1 4^4 44^7)1 fl-4^^4^14ol 4444. 

ael ji o)a^ ^^i3fo))Ai, n^i- ^^- 7) ^ fl-Avoj^^ 4 o| fe ^0.4 ^o) ^4. 

Ba 

4^3 444 550nm ©I-* 600nm o)^$\ ^sfto]*^ £ 320 )l o) ^445.4^ 4 A ^ 444 £7] 44 ^44 Ba 
^144°1 2^tiH14 0.0-0.33 *S44 ^4 4 4 &4. £ Ba^l44°l a^«l«»)4 0.34 4443 44444 £ 
32°)1 44M14 4*14, £43(b) 0.244 4443 4^443, s^3(b) 0.434 4443 4^44s4e), 
b) 0.3°J 444°)1^£ 4^ 44<>1 4 <H3 4 4 7)1 ^#4 4 44. 

£4 £ 36°)H, o) ^1-^4^ 4^ 444 47l 34 a44 Ba^l44°l 0-30 44%°J4 4 *r 44. a Ba3 
44°1 30 44%4 4443 44444 £ 36°)1 44^1*1 444, Ba*144°l 24 44%4 4443 4^444, 
Ba^l44°l 43 44%4 4443 4^14^43, Ba344°l 30 44%4 444°)14i 4 AJ 1 44°1 4^44 4 
<ls. 4434. 

Ca 

£ 33°)I4 °1 4445.43 4 AJ 1 444 43 34 33^44 Ca3443 s^«H14 0.0-0.64 ^4 4 4 S14. 
as! ji Ca3 2:^371- 0.74 4443 4^444 4443 #44, Ca344°l £43°)14 0.574 4443 4^ 
143, 3443 s43°114 0.764 4-443 4414^43, Ca344°) s^^l^MI 0.74 444°)14£ 4 
43 ?i334 ^44 4 44. a 4^44°1144-, Ca4443 ^3°)14 0.84 4443 4433 444 
44°fl4 91444 3 o-s. ^sl^nv, 4^iL4£ S434- 34 a 3 44 Ca3443 2:^3°)14 0.0-0.6 
•S3 3 4444 344, 0.7, 0.8£ i44 ^43 O.O-O.80I 4^ 444 £3^4 4444 Ca 2433 
2434^44 4 44. 

£4 £ 37<K)4, 4 444S43 4 Aj l 444 43 44 £44 Ca3443 0-80 44%4 34 4 4 44. aeli 
Ca344 70 44%3 4^44^- 4443 #34, Ca3443 57 44%4 4^444, Ca3443 76 44%4 
4^443.43, Ca3443 70 44%4 ^4°fl£ 4 Aj ! 44°) 9i33^ 5J^-£ 444 44. £ 4^14°1144 
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Ca4444 80 44%4 4443 444 %q 44<*fl4 $4444, -£%SL*}5L 3.®$$= 34 :a444 444°ll 
5.444- 

Sr 

£ 34, £ 384H, Srft 44 4444 4fe 4444 4^4 4444 ^ 5!* 4 4 Sl4. 
1342 

£ 42°ll4, ^T^r £43 4 Eu444°fl 4711&4 #4* "9* 4 &-°-4, 134^4 4434 Eu4 
44°fl 43144 *M 444 £44 S144 £ 4 Si 4. 

Eu 

£ 434M. 134271- 4434 44 Eu444°H 441 SM ^ sj.jg-.g. <g£ ^ ^^3. £44 i444 

Eu4 444 10 % ©I 44 444 44 4 4 Sl4. 

^e|ji Eu4£4 4445.(4 4443 4^(44 ))4 £ 43^ 144^ 40)4. (s r x _ x Eu x ) 2 SiO 4 W 

314 (Sr 095-x Ba 005 Eu x ) 2 SiO 4 *I4*114 6\± Eu4£4 ^ 7 >4 f-^fl <£3-4£fe 7 0 v^xl^, Eu^ 

£7> 1-1.5 44% 4e°H4 44^ ^ &%%5J\ 43 4444^, 4^ 344 44^4. 444S, 44^*1 
$4, 45. ^4 444, 4^2)$ Eu45.(234 x)fe £ 43, £ 41 ^ £ 53°IH 4 4 flfc 44 44, 0.005 
< x <0.1 44, iL4 44444^ 0.0K x <0.05 44, 7}4 44444^ 0.0K x < 0.02 4444. 

444 f^44 4^444 a^^- QJ-&71) 2001-143869 J: ^il^l ^-4444 3.4 444 Sr 2 SiO 4 : Eu 2+ fl- 
444444 (BaSr) 2 SiO 4 : Eu 2+ ^444 444 4^-4-4 a 4:4. 

^■f n)HB)-a 4444 4i44 44 44, 4 444#4 ^A]^- Aj^ofl ^oflA^ Sr 2 SiO 4 : Eu 2+ fl-44444 
4, 44 444 Ba ^4 444*11 44 4434(Orthorhombic)4 443 4(Monoclinic) 2 7^ 1344 7>1 
4 Slfe W1«H, 444424 444 ^o]£ £-%-q°.2. 4444 Eu 2+ 4-444 47HK=Eu44 4/(Sr44 
4+Eu44 ^): xH, 0.0Kx<0.05 44 444 443 S r 2 SiO 4 :Eu 2+ ( Q '- Sr 2 SiO 4 :Eu 2* 4# 5 
60-575m 4^4 4 444 3«- 4fe 444 44 444fe 444 4444:2, 443 Sr 2 SiO 4 :Eu 2+ (p - Sr 
2 SiO 4 :Eu 2+ 4^- 535~545iim ^e<Hl ^ tf3|3t Sfe ^-^ ^#4^ ^^*^I«>14(S. 42, 5. 53 

Eua^«l( = Eu/(Sr+Eu) €7l«l#)7> tf 7 <}S2l ^oflAi ^-§-^©1 0.001 ©1-^ 0.3 ©14^ ^^(^ 0.1 €4% 
«>1^ 30 %A% °142l ^fl), s-«l 0.003 0.03 olSf «fl MHH^r ^ 4^°1 >12] £sj-*r*l Stfe ^ 

°1 sl«fl ^-°J^4. 444 "^4711 2001-143869^ ^Ji<fl 7l7.fl^ Sr 2 SiO 4 :Eu 2+ ^ 

^t=, ^4^ Sr 2 SiO 4 :Eu 2+ 4^ =r Si 4. 

nelJl Sr 2 SiO 4 4^#sl 1^^£7}, ±% «-frs|fe Ba°11 ^«fl 4^7)14 443 31* #1% V 4 s Sl#* ©1^ ^ 
^21 4-a^l4(°fl« *°1, G.PIEPER. et al., Journal of The Ceramic Society, Vol.55, No.l2(1972)pp.619-622). 
£4 44*<M1 Sr 2 SiO 4 44#^ 383K2] *£<^|^ «1 7>«al 0^ ^ol«fe ^Jo] ^■ 

Si 4(°fl# *<H M.Catti et al., Acta Cryst, B39(1983)pp.674-679 

a Sr44 d fl <H4 Ba «-£#44s] 44^(Ba/(Sr+Ba) 47fal#: °]^, Ba44^-°-a 7l^)<>l 1 % %E. °143 4 
4, (Sr 099 Ba 001 > 2 SiO 4 : Eu ^ Ji4 Ba444°l 44#^r 13^7> a>^S1 S\^, 

Ba44^2l ^A^r 4^1 ^ 44^13 b)-^ 575nm ^-ee|4 505nm 4^4*1 ^444(£ 32, i 36, £ 53 #20. 

Q% al^^, £ 32, £ 36, £ 53«*4, ^°l£ 44^1 (Sr 0 9 8- a 3 Ba a3 Eu 00 2 > 2 SiO 4 
XT-is) ^ 44#4 4^113. ^e]^ flAV^a^^K^, a 3* 0<a3 < 0.984 44*1 4^1H Sl^T-i, 0.01 

<a3 <0.3 2=^ $$14 44^1 (Sr 0 9 8 - a 3 Ba a3 Eu 00 2 ) 2 SiO 4 44 < S^4^1fe 44 550nm <>14 600nm 

•flfl 4 444 HI- Sfe 4^4 S^oH, 0.3< a3 <0.98 S^rf^o] fl-^^^fe 44 505nm °14 550 

ran 44 $3 xflofl 4 4443* £fe 4^ ?il ^4*ll < ?14 4 4 Si 4. 

£4 Eu^H7K ^^hsi ^oflA-i Aj-g-aioi S ajh] 0.001 44 0.3 444 $4, 44 0.003 44 0.03 444 $4 
MH44 4 4443 444 44 4444 514 4^4*4 4£ 41°ll 4*11 44S4. 444 44 
2001-143869^ ^li°il 7\AQ (BaSr) 2 SiO 4 :Eu 2+ ^aB^^-^^, ^o^s o.3< a3 <0.98 2-^^44 (Sr ,. a3 
_ x Ba a3 Eu x ) 2 SiO 4 44^^4^1(4, xfe 0.001^ x ^ 0.3)5. £^ ^ Si 4. 
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*M ti|-.o S, a>« 0 v^t)1 l^^Sl- 7Hd) ^ ttj-f-^, Eu^Sl- fl-tf^^WCa 0015 Sr 092 

Ba 005 Eu o.ois ) 2 SiO 4 S#*H)*r YAG3] ^#*ll((Y 0 . 7 Gd 02 8 Ce 00 2 > 3 Al 5 0 12 )3, tf**^ «US 
4o| cflsH 4^3.4. 

- YAG3] ^#^2r Tftf^^S] flJElj-Aj HlH- 

3*1 YAG3] «>1 -8-^ &E*^:ii*r*r, W2^#*)ll- °] <LK£*im#i42| *H°fl 

£ 54fe YAG ^#*)Hr tMJSA**!* °l-8-# *£*tf*iii*r*| tfl*H aj 

£ 544Hfe YAGTfl M-^K-a* D, E)s| ^% ffA±3$#s||(zz. «voj ^ )J± 4 3 ^ ^ojg. ^fls] Alj-g. 

sa*°l 4445114. ^sflajilSfe ^£.(0.35, 0.35) #* g-g- 3-f , YAG74] 

te 7.4%(^-§ D), 9.8%(^St sHfl, 4* 5-0} fl-Aycg^sfls. ol-g.^- ^ (Ai B _ cWMfc 4 50%2] 

f^%S sjfe ol 34. 3 ^£ *!<>H4 ^4. ois.^ f ^^LED7V «o v #^fe 410nm 530nm o]€W « 

4 34 550nm <>1# 600m ^fi] 94 *| #o.S £4*l?lfe ^^#31^4 YAGtII 

Ml *W 3}* <£ ^ jjlt).. a YAG 7^1 <§#A)lSfe ««:i-i-ol 3.2.3., 7 0 V5L2) %q %± cg 7 ) sf\^*\s=. $ 

f^) ±%2) 3#*fl>JH °l-§-«- T £4. 143 .2.3., ^^1^*1-71- f*o| ^7fl5)-7) 4)314:2. A^jgC).. 

tMMU***| 7j.f , «V£*)M#^4 f'ofl ol-g.J§ ^^fil <#o] go}*}, tV£j(tf±^ ^13i>3. ^ 
*))7> €• ^#*ll#-8: *$<W <T &4. 3. 14, *$%^4°] + *S\ 1^±S.3.3\7} 7flAi£]o1(^ ( E}£S33) ^7} 

^^<H, ^ **«^| *4* ^Xim safe 5J^s ^84€4.. 

5 fl#(F, G, H, I, J, K)* °l-§-^<^ fl-^^^sl f^%f- ^^Al^, fl £> a^ £i ^ ^ « 0 VA>^ ^^o)l n|*l 
fe ^t* 

£ 44fe ^^^£.4 ^^H- u|-E}vfl^ £o]4. £ 45fe ^^^llfetsl- ^ ^7j]« v+Efifl^ £ 

4. £ 44-£ 47£ £ 54S) cflolEjofl 7 |^^ ^iflfe s.^^, 4 £0,], ^^ 7 V 30 40 ^%=%, 50 

°Wfe *«. A J|£sl ^-f, ^^]%^ EL7\] ^£(X^)7> *^ ^<>1 *<HM-fe 

£ 30% °|# 50% ^1^2] ^^o) ^4 «>^ti|.c).. 

A-&SL3., QZ.W*±JW fl-<i«^^e| anlg-t^^n § 31 2:^1 f-^ "l^ff^^^ Aerosil' Degussa 
^iS^ ^^l(^7Hfe l{±E£3l S-olfe 7|^* 5J)SA1 A^oj^. ^0.0] Jr^ofl cflsj- 

5- 55fe «>£.S||^^>S1 fl-tV«^^o|| iDl^^Aje)^ = ^d|«^o| olA}.^^ 3±E£.3} «o1^15.a-1 ^ 

-at^i 4<f ^1- is. i4^vs £°m. 

£ 55°11 M-El-Mlfe cfloiElfe, ff-tV^^^l- 30 ^%=%3 ^t-B-sffe ^€(1)4, tH^^I- 30 f^^% 

Aerosiisl -%-£ 7 } 0.57%<?1 ^#(2)4, *§ %*fl» 30 f^^% Aerosiisl ^^7} 1.1 1%°] ^f-(3) 

, 3 ^21 o)-g-*H -^-g- ^Al^ ^4 ^ol^l ^014. £ 55011^ AljiECx, y)7f (0.3, 0.3) ^5 ^-f 

4 ^#°11 fli. ^ ^ H o^V#2l 147} M-El-M-Sicl-. ^#(2)4 ^#(3)21 alsofl^, Aerosil^ ^£ 7 f 7| 

a 4 Aflf-ofl cfl^ fls., ^E(xa), ^ ^ u o u V^ 44 S^a>i- i44\E4. ^#(3H tfl-§-^fe 

fi§?^, 3 7H >Sf. 7^ 4°-^, 7>4 AjSlAjol ^4. §^31, AjjiO^ 37l7> ol^J. 457, nflo^, 
°1 7|fe 3}*1 D J-, ^#(l)-8r, ^ U o V 4^-g- H*l^>, H S^^^Vfe ^# 7^4 €• StO-SAi, AlSjAj o. 

ol^o.S^, Aerosil* ^7f4^ % V£ r^-, ?l£, ^%=, ^MH ^ o)-q4 -i!S]^o] $^«gol ^§^4. 
AerosiH s| «fl fl-^^sMHiE s\ ^±S.3.^7\ 9]$. ?)°fl ^%*H$1°]±!e.2\ ^£7> ^^^71] ^ 
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Sl 7) nflS-olcf. ?7)H-0-^r, 4-E*ll 44^441 44033^1 ^lilf #"34 nflo)] ;*}£! 
4^47)] tf 0 H '5)£.£, 44°J34*II < 347} 34*H*M^ ^6\}X\ u)^ S^^Tfl 444^11 £4. 444*)2l 
ElS ^5.7> tf <3 *lil4 44 4°l ^1S)S.S, 44"834*l|$47} ^)7J-^1 &£ £711 44] WlH^j # 

°J4?11 4tf€ 4317} -M44. YAG31 34*114 4°r, AJ I *tf «tf °1 3*flsU, #44 « 4sH 6 l 
34£ 4! 44 4 &4. 

-*fl 3-g<M33|- 

4^Al*gfl]o)]7i^, §^8-343144 3^47) ^^^ofl 4J344. 4 4434^443 (Sr 1 . al . bl . x Ba 

al Ca bl Eu x ) 2 SiO 4 (al, bl, xfe 44, 0<al £0.3, O^bl < 0.8(3 0ltf3.03.fe 0* bl <o.6), 0<x<l 
2) 41 Sife 4*l)o. 3. JE^^M, 550nm 0)4 600nm o^fi] 44 0 j 0 34] 44*1 Hi 4fe 44 444fe 4^3] 34*11 
t,£l,£2,E 341 44"* £<>1, 444ol.2.£ e44l ^^Al^i o.s.m| 47]] 44 

4°i 4444 t4I4 ^s.^ 421 7^1- *)444 74014. i-o], ^^^.^^ % 

tf4l 2)*) 5}^ 44s] ^7)l7> 50/fln ol tf 1000/JD °lsM $ife 4£*)144£41 3*347] 2]$ 4"?H 

^. ;4£>Hi*| 4 4H cfl^oj 4 344. 

-^£4113 Tfl 1 Cfl- 

£ 5021 (a)~(c)fe 4 4*133) ^tfH 1 oflsl Tfla^^* 44Mlfe tfgsoltK 

44, £ 5021 (a)41 4431fe 434H #3(301)2] si Ml El iflofl, 714(303)4 714(303) 441 4*M 444°1.2.S. 
(302X41* #01 4*1*4. ^e]£ 44*34 4fe 4*13. € S.*| (310)2+ 4^ 34*ll« 444fe 3 

#^4(311)1 4 ?^liS 4fe Til l 34*0*H^S(3O7)*, 471(305)3.43 #3(301) 3)3. 4°J44. <>l 
■4 34*IWo]^e(307)1 4440] ££ (302)21 43il4 44 21*14*] ^44. 444°1 .£.£(302)21 4 444 
£-8- £ 5021 (a)41 44-fi 2) a 0.3 £ 0 ]c}. 

4#o.S £ 5021 (b)ofl 44Mlfe #3414, 471(306)343 #3(301) vfl3., A 1 34*H*H^S(307)«i4 34 
41 $4(31 1)3 4^7} 4£ Tfl 2 ^tf^ll all ol^e (308)1- ^"944. 

44 £ 502] (cH 44Mlfe ^Hofl-H, ^1* ^4^171^, £711(310) ^tf4°l 5.^(302) etf2i oj« s§i ^ 
^#^21 f)^o| s]^14^ oj^di^ #31 oj 4(31 1)7} D J^4ol §-tf£lfe 4^, t^4oliLH(302)S.^El %6\ 
€ £7„(320) f'oflT.-lfe ^^9J4(311)7l- 71^711 §-4€ tfsllS. ^4 ^ ^ 4£^lR V; fiii7># ^^(301)^S.^-El 
^1M4 

°144 2°1 4ol, £7)1(310) f^, t%4°l£H(302)2l *Htr ^. $1^1 ^1^14^ <£°H ^^^|oj4(311)7> 

^^sl°l ^7fl4fe, ^ ft^ojol «fl^ ^7j^v ^ ^4 £ ols). ^ hVe^^^ £ 4 _ 

£ 6i 44h« t^tf^l vflofl a^fo^, jhj^oi ?i7ii^ »fl7jj t^tf^l* ^124 =r S14. 

-^1^4^21 7)1 2 0)1 - 

£ 5121 (a)-(c)fe ^ -gAitgEfl Tilatf'a ^ 2 412] Tfls^^^- 44^fe 4^£o]4. 

£ 512] (a)ofl 44Mlfe ^3°fl^l ^"^(401)21 ?flalEl iflofl, 714(403)4 7)4(403) 4°)1 444°liL£ 
(402X411- l-oi ^} ^led)» -8*1*4. 4^^1 ^^^11 444fe ^4*))^ 4(4 11)1 #^(401) m 444 
ol£^(402)2i e#, 4^1 ^ 44#'3 0 ll 4i44. 444°1 £^(402)2) ^ 44*^^ s. 5121 ( a Hl 44"d! fl^ 
0.5. 44fe 3°14. 

440.S £ 5121 (bH 44Mlfe ^341^, 4fe € S7fl(4io)4, 4^^1 S*«0# 444fe ±% 

21 ^4fll°J4(411)l ^ ^tf SL±3. 4fe ^ ^s)oliS. (408)1, -g-7l(405)S.4&l #3(401) vflS ^°J44. 

44 i 5121 (cH 4e}-i1)^ ^^oflAi, 734*1714 jz.*(410) 441*1 444°U£(402) 54^1 ^sj 
t 44*^2] ^aofl 3*14^ oj^4| fe ^47H<a7K4ii)4 ^^401 44=1 fe 44 444^1 ^£(3402)^.43 
1°!^ 42)41^ 34*11 "34(4 11)7} 7)2)7)1 44€ 4^|s €4. ^ ^ 4£*llt4^7}i #3(401)0.5.43 9)^14 



- 38 - 



^7fls.s] 10-2004-0029313 



°144 4°l 4<4 2*l)(410) 444°l 22(402)2] 3°12 % ^#4 oj^ofl *§4 *fl^*K411)7} 

a ^%°] *>l*Hr, *A **$M 42*1144±4» ^4 4 44. ^ °14 42a]144±4# £ 4-2 6 
ofl 44Mi 4444 iflofl a^Al^ o.s.*i|. 4 44°J°1 "£44*1* ^4 4 5fl4. 

-^12:4^21 7f| 3 ofl- 

2 5221 (a)~(d)fe £ 4*1^3) Xl^^ *1 3 o))o] *H^4^* 44Ml*r 442olt).. 

44, £ 522] (aH 44^4 *3«1M ?^(501)2] ?fl«lEl iH, 7l#(503)4 71^(503) 4°)] 4*1)4 444°l22 
(502)(o)H- 4<H 1HLED)!- 4*144. ^^-§-^(510)21- %a»t)1 ^4*H» 444tt ^^I^KSll)*- ^ 

44 44°-4507)-g- 44(505)3.^ ^(501) iflS ^°J44. o) nfl, ^^(soyj-g- ^cfoli».c (5 02 
)4 44.5L4 2]*)^4 ^°J44. 444°1 22(502)2] ^ 44"&4£ £ 522] (aWl 44^ 2l<*o. s 
4°14. 

4-§-2;£. 2 5221 (b)ofl 44^ ^oflA-i 7>^ 3L^r 2l«fl ^^^(507) f>4 3444 D 11(510)* 

4. 

£ 5221 (cH 44M14 ^oflT-i, ^^-1- £fe ^ 2*11(512)4 Jg-Aj)^ tg^-g. tf-fr^fe ^o] 

^4*H°J4(511)t- ^ 4tt ^^^l^]c»)iE(508)l- ( -§-71 (506)3.^- E] -3^(501) ^\S. ^°J44. 

44 £ 5221 (cH 44^1fe 43H1a-| ( 4*1* 34*17)4, 2.^(512) f">H 444°1 22(502)2] e# "J*, 

^ 4^t-42] ^aoil 2l^sl-fe «^«o)l^ ^^1<?]7K511)7> 4^4°1 4434 444°1 22(502)3.^3 4 

<H4 -^olHir *g 4*1] °J 4(51 1)4 44*1 £-^4 #1*3. £4. ^ ^ 42*il44£4-I- ^§(501)2^43 ^4 



°144 4°1 4<4 2*11(410) 22(402)2] 3<H2 4 S]*]s^=. -^^0)1 ^^-^)1«?]^]-(411)7> 

4^sM 2^1)44, 4) 30. ^xij tKESfl^^j-S - 0^4. g: olsq. £o. hV E *1] 44^44 £ 4 _ 

2 6o\] 44\« 444*1 iflofl a^t-^Ml, 4 34 ^W*l# ^12^ 5i4. 

-^li«o v, S2l ^ 4 

YAG711 ^^17V ^1-B-S.Ai ^^1<21- 2^21 al^Hl 7l<>]«H -gTg^i^ n #3 ol o- 

S.^ YAG^l ^%^l7l- tfl^^ojfe ^J^. Ajj^ ^ o^cl-. a i7l) oi ^| 7 ). ^ o^c^ ifl^oi^ig, <y 

#^5.3. Y AG 7^1 ^^^71- ^334. 

*«h-4) (Sr j-aj-bj^ Ba al Ca bl Eu x ) 2 SiO 4 iA)5l^ s^^l-^ fl-Aj-.gtg^oi 
AA tfl^ ^351*1 Sfe ^4 ^71 cfl^oq- ^741* Jisl^, ^12] cfl^^o| <$oui| ^^j) 

^-i^2^ ^-Aj.£]^ ^j^l 7H*K- ^£ - ^ olS). ^ ( o o l^ rflAj^ ^XlS^ otfSA]^ 

44 ^2la^^l7>sl4. 

ol4Vo.5.«El, ^<S^^11- ^1^4?!^ ^^0.5.4, ^^^11<>]^1- <$0_3_ Ol^A]?!^ coj 35} 4^ «V 

^54^ ^ SI4. 

* ^^.^ 441-°14 Ifis^fsl 314^4* t-B-ti- ^4 OJ l* ^^-h^1?1 ^, ^-°J ^4^4. aslji ^3l-s) 
^1 4-8: 44#* I25t; <>14-oiiAi 32A)?] ^ 350t;ofl4 ^aj^cj.. o) nfl, 441-, #^^.=41- 

21 ^4^* $4*1-71 3s« ^1, -a-71^^-, l-frel -§--§: 7>sfl2 44. 

£ 4^4^S. 3)447] 2l*fl 0.7)^-^^-1-01 7>^g-*()l- °l-g-tiHr 4^2 Slcf. oJH- s-o^ aj 2 0 3 4-g- ^Aj^. 

^t. ^4*H# 4^- D 142l 44^-1^4 AKOC 2 H 5 ) 3 4 ol-g-4^, °1» 4s*-§-°Jl ^4 J24^1?l, <§4 

^4^1°j7f i^ofls.2), oj:_o S cfl^^ aV^i-o)l| 1-^-2 = 41-21 3)4*2 4, 44*l7fl JL471- 3 o.^, xi 
44t11 4^4 4>84^ 4* 44*1] He), 327} ^^s, 44^14^1 &4. 442] 14, °i44 44^)4 ^?14 
^4^2) ^^6Q tfls)-^ 0.05%~2.0%<>14. 
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4fe, 4 ^4 <g^$ Si4. SB °14 £* £ 4~£ 6<Hl 44\S 

4 3 41*1$ «W 44 ^2»^o(| 4«l, $#*fl# 3M*#:£44 # ^Hl 3*14^ ^£s] ^7)1 7} 50 

/a lOOO^m o]^s\ <g$H o| fe «VE*1|^£4# 2£ <r 5d4. 

^-71 4^*l*§EH4fe, ££.*«£#£4°ll 5!H4 ^^UW-i^ol ^^LED7)- 4^<?1 ^ o.ofl cfl^ ^fl*^, 

* ^^lt^^fe ^714 44 £* ^Al^Eflofl 4^£]fe 0>qcf. 

£ 56* 4^3 ^^LEDl- ^14^ 4£*H>£#±4s1 ^Mj-fr 44^-flfe £ 56^1 44^r: 44 34 

°1 4:E3l4#i4fe, 714(604) 4H1 a()*]4 ig4»LED(601)4, 4 ^5HLED(601)£] 4 ^ 4^#>3(:£ 56°)) 

44^ 43H14fe Aj-^)^. S|44^ ^^^(03)^. ^U)44. $#*)1#(603)* -*7l 4 ^*§E|HH 

4 4fe $t*l)2} $#31<37K602)4, $#*H<y4(602)7> £4 Hfl*13 £7fl5. ^1(613)4 - : i I tfl44. 

^M(6i3)3 w 4 ^Ai^Ei)o)iAi a^ 4-g, «^ ojo.^, 7i^-(604H^ m^°)^7} 

£ 34. 

0} ^2^, «]4) #-g- 4#4fe «KE*H>£#£7} ^^5.0] ^v^. ^ ojo.,^ ^o. ^^LED(601) 

3 7fl^o)l 44 ^^7 0 v £ ^ 2-^^. 7^44. 

SE Aj-7] t##*H 34 ^1$e|H] oJo^Ai^, ^4LED4 $4*)lf-g- 1 7^ ^ti)4 wV£Sl]^%di7>l- 4^ a]]*] 
$ °1H nfl4°} ^M*14, £ ^4 <£44*1^ ol^^r AjAl^Eflofl *V^5]fe 3£ 4q4. 

£ 57* 4t^1 3 Aj iLED4 4°J $#*)l#-g- 444*1 4 ^# M-Efiflfe 44£°14. £ 57o f| 44^ 

44 7^0} o] 444*1^, xlx)Jf^(654)^l s]n ^1^)5]^ 4=r^ ^^LEDCeSDC^^^^]-)^, 7\ ^a«LED(651 
)2l ^^1) ^ofl rj-o^ ^^^(653)^. ^a)^.cf. ^^1#(653)* 2 *^7l^ ( 2 ^ -B-e) 7l ^ a>o] ofl 

^l(663)sf, ^1(663) ^e)^ ^^l<a7K652)» 7^^, ^^l#(653)-& zx ^ 

JfoflAi Xlxl«7]l(654H 4^1€4. ^^l°J4(652)fe Z]- ^Aj^BflollAi A|^^ ^-Afl^) 

^l°fl 3«fl ^€4. ^r4(613)3 ^^a* ^71 4 ^l^E)H]Ai £t$% 0]%.^ ^ 

£ 57oll 44>i 4^t3 ^>53|LED(651H cfl*)-^ ^^^)#(653)* 1 7flol^ 5)5.5, ^]^€7l- 

^l^'Ssl 7i 2*3^1- E£f ^ 514. 



■g- ^i^H^-^Afe, 4^ SAl^Kofl-i. s-o) LED^ LEDHf-Al^f-, 7V^-^ LED^^lf-^1 

4 LED'S'^a] a]s. ^^^(LED^vfls.)^^- A>vflLEDf-, LEDalAj-^, LED>3^%^ -§-)# ^s)s) ^ 

^•^•^ls. ^$4. «l-g-4fe 3M1 ^^-44. 



(57) ^^2] 

St 1 * 1. 

^ 71-4^, °1 ^ ^#^^5-?-e1 ^Aji ^ h 0 >#4^ ajo] £ i7]]oj ^^^^44, 

4°1 ^#4fe, %^711 ^^^11# ^*4^ ^^1*1- ^«14fe *£^^^4°14, 

Aj-71 ^Jj7|] Sj-712] 44^1 

( Sr 1-al-bl-x Ba al Ca bl Eu x ) 2 SiO 4 

(0 < al < 0.3, 0 < bl ^ 0.8, 0< x <1) 
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IV 

3?* 2. 

4 1 *<HI Stl°H, 

■fr7) ^SiM^iM^*} f^H A dn$ ±^<$. 3* o.a *>fe *hE*l|«*£*|-. 
3. 

*0 l sa°W, 

^^12] Ca2:^«l (bl)fe, 0<b2 <0.6 Site 2^Hl(b2)tl 3* ^ SL3. *fe 

3?* 4. 

*fl l~*fl 3 *J- ^ <HH $ ^-ofl 5d<>H, 

aj 7 | ^H^^Hr, 430nm-» 500nm sHh§«H ^ "S^H* ^ ^^.S. 

^fe <&:£*ll 
^^■^ 5. 

^71 550nm <>]■$ 600nm sH^^H ^ t^H-I- ^ H o v #sRr ^ 

3 TO 6. 

A \~A 5 * ^ °\± $ 5a°H, 

3TO 7. 

*l 6 *eM SH-M, 
31TO 8. 

«V£Sfl^^4i^7> «o v #«)-fe CIE Aj ?^^(x, y)«|, 0.21<x <0.48, 0.19<y <0.4 

^7l *g%*ll#£, ^ 600nm» 660nm ol^s] 34*1 <geW ^ t^^Sf- ^\S. 

T^Wfe 51* AS SVfe «J£^m^7K 

3 TO 10. 

* 9 sa°W, 

^71 4^ 500nm °l-tf°H 550nm cgo^] ^ £fe ^7}-3. ? 

3TO 11. 

* 10 si°h. 
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(Sr ,- a3 - b 3-x Ba a3 Ca b3 Eu x ) 2 SiO 4 
(0<a3<l, 0<b3<l, 0<x<l) 

3- S. *l s) 5^## ^t)1 3. ^ S) ft#<* ^ ^ oi 3 o. AS £#£*h 

3?* 12. 

*)1 8%H1 5a<>H, 

-*7l fl-^^^lfe, 550nm 600iim «>1*|-^ sHo^ofl t t^H* %4)3l ^^-fe-, 2z^°] ^3. 
13. 

t|1 1 *}~4 12 *J- ^ & flo^, 
-tM 3 £fc <M» 

^t 1 ^- 14. 

^11 1 12 *J" ^ <^i: ^ *J-°H $H*1, 

W ^#7ll^fr, 4 v 7l fl-^<S^^l» -S$«H T^fe 3* *3-2.3. «V£t11^^K 

15. 

^•71 W&*±#7\ 34 # 7 ] #4^S.M1, ^>7l 34 #3}. ^7) n%M}7} »£%it$= 

16. 

711 1 *J~*I1 15 *J- ^ ^ ^ *J-<H1 5fl°H, 

71** ^7>S. 

#7] 34£#:t*Hr, 71^-^0)1 -8-4 S WQZL, 

^7} ^#*H^fr, ^7] ^<35Hr ^^M^ 71^51-^ S-^ O.5. ^ «Vi7H^-^7>. 

17. 

*11 16 *M 5d°H, 

^7} 7l££, TllMcl-oliHl- £fe 51 ^ S-^OS «Vi7ll^^7K 

18. 

Til l *}~*\\ 15 *J- £ Sl<>H, 

#7| 34"£#:ii*Rr, -8-71 ^^-o)l ^-7fl Hi 

$7\ 3 iflofl ^7J5]^ 51^- S^IOS 4 13 ^ 7)^ »±^^%±7\. 

^T 1 ^ - 19. 

A 1 15 ^ $ ^ofl flow, 
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$7} *$%a%£ -*7i aM-gifloflii^sitea-a: "$±3- ^fe 

3^ 20. 

^ i 19 u- 4 <^ * in sa<H>i. 

#7) 3***3, # ^.o)) 3*l«Rr 443 *W 4*l|7> 50wn ©1# ioOOitan °m 

'gSH Slfe 34 43 Sfe $Hafl«*M-. 

21. 

* 20*J-°11 $1°^, 

-*7l *§%n}%-2), %*A^%±7}2] $7) * $1*1 *Hr 443 tflg.g., 3§^JL £ A^ 7 j £ ^g 

°H tfl^ 7]3 34 43^3. 4fe «V£^1^^>. 

3?* 22. 

A 1 21 %V 4 o]^ $ ^-ofl olo^, 

47] 3**0*4, 44 3M«*£*W A * 344^4 3^3*r 34 4^^s 4fe >£5L*im*± 

4. 

^-j 1 ^ 23. 

*4 444^r 1 7fl3 ^jW*^*)-, 

*7i %*A»i%±7\7} 444^ %q *4 444°} %4tI1 *44 444fe, 44t11 34*114 444^ 34 s 1 7 fl 
3 3**11*4, 

-*7l 34^*^4 51 ***** *1*1^7| 34 *]*1 4711 # 4*1 4^r ^*4*1°H, 
*7j %^7)1 3**0^, 4713 44^1 

(Sr i-ai-bi-x Ba ai Ca bl Eu x ) 2 SiO 4 
(0<al <0.3, 0<bl <0.8, 0<x<l) 

3. 4<H£. 1 440] 44^-4 4^3. 4434 44<g3**114 34 4^r 4S*4*±7>. 

34"^ 24. 

A 23 4°ll 5a°W, 

^71 ^^tfi4r, 3<S|tf*tM£5. ^tt 4 4* Bllol 7-1 401^=01 3.2. a^ios ^ 4*4*1. 

3j4^J- 25. 

*fl 23 4°1] 4<H4, 

*7l %^7ll 3**3 Ca2:4«l(bl)Tr, 0<b2 <0.6 ^ofl 4fe 2:^ u l(b2)4 34 43-5-3. 4fe 4***1. 

m 26. 

Til 23 *}~A 25 4 4 4^ 4 %H] 4°H, 

*7] 3***4, 4* 600nm4 660nm °143 33* 4 4*3H» 4fe 3**4 47>S. 

4«)«l-te 43-^. ^ ^***1. 

^t 1 " 1 ^" 27. 

A 23 ^-^1 26 ^ ^ <>i- ^ ^o)l ?Xo]*\, 
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9#*fl^£, 500nm o]$ 550™ *l<L>£] ^Tll <geH ^ t^H* Sfe ^Tfl 9**11- ^7>S. 

3 -a- «hs ^.s ^fe . 

St 1 -* 28. 

^ 27 *<H ja°W, 

^71 V-Ml 3**Hte, *M3 sun 

(Sr Ba a3 Ca 53 Eu x ) 2 SiO 4 

(0<a3 < 1, 0<b3 <1, 0<x<l) 

St 1 * 29. 

23 28 *} f 1 * *«M 

^71 3W#±*Rr, ^7) 71^71) ^ofl 333 ^sq a, 

^71 9#*l*£, ^71 -g-<3^1SAl 7l^fe tffe 

St 1 -* 30. 

*(| 29<M XW^, 

^7) 7)^7fl^ ^uicfoi^i- £fe 3-1- ^8 «fe 
St 1 * 31. 

4 23 28 * § * **H 21 °H, 

^71 3M*#±*Kr, ^71 ^ofi ^flSU, 

^7] <g#*||#£, ^71 3 vflo)} ^>gS)fe. ^-g- f^los BV^I^^X}. 

St 1 * 32. 

*)1 23 27 * £ 5tl°H, 

"11*1 *M 3$ ?IH^* ^7>S ?«|«h, 

St 1 -* 33. 

* 23 31 <Hi; ^ *M 5a°W, 

<*7| ajcHt l 7flfil 3M£*i*fe 71) afl^ElBj, 

St 1 * 34. 

430nm» 500ra °l^s) 4**8 ^ £fe #-§- ^f-sVfe S^«*i^, ^1 S^**i^ 

7> a o v #^^ *^flH 550nm 600nm °m2] ^J-^^ofl ^ tf^Hf 3fe *g*-g- "J-f-^ 
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^cflalf^l 3.0 4.65 vflofl £ ^ ^6\]x\ »r%s>\ ^ ^3^3 sRH 560nm °l# 600nm o}^- 

•Bfl Slfe #?l jg-^Tfl ^^lS)-, 0.8 °l#°M #7l *§#*||2j ^Cflal^ OI^S] »*2] ^ofl 01 

^*1» ^-fr*Rr ^^2i)oliEofl 2]«fl ) a o v 7 | ^Afl^^^o^ # ^33. ^14*Rr ^^(a)4, 

#71 ^WHHiHt- ^%t<L3.*\, *§^l^-a- ^#sHr ^§(b)-§- £W1, 
#71 ^(aHMfe, #7l %aJM] ^^l^i, 

Mg, Ca, Sr, Ba, Sc, Y, £1^0) = , Ti, Zr, Hf, V, Nb, Ta, Mo, W, Zn, B, Al, Ga, In, Si, Ge, Sn, P f^H ^ajslfe 
1 7fljeq ^isf, O, S, Se, F, CI, Br #°1H ^23^ ^o] S , 1 7 fl ^ofl o^sfl ^s)^ 3-^-#-§- s)- 
^#*ilf- °l-§-SHr 3* SHr «V£^m^^^l t)12:#^. 

35. 

211 34 5U<>H, 

#71 *3(aWMfe, #71 *§#*fl3>| ^# o.5/mi °1# 30/zm >*2l iflofl oj^ aJ. 7] Jg-^Tfl ^% 

31* <>l-§-*Hr 3* ^-#^.3. «Hr 7fl2#»]. 

3^ 36. 

211 34 $ ^ 35 *J-°fl Sl^H, 

#71 *3(aWMfe, Aj 7 ] jg.^] ^^ISAi, 51-71 Sl 5j-«r# 

(Sr i-ai-bi-x Ba al Ca bl Eu x ) 2 SiO 4 
(0<al <0.3, O^bl ^0.8, 0<x<l) 

^21 7|12#>S. 
^j}^^- 37, 

*1) 34 36 %»• <Hi=. $ Sl^H, 

#71 *3(aWHfe, #71 ^g^sH^S ^ojj, ^7>5., ^r^r^l sg-g- *lf-°l lnm o]>g- lOOnm °l«r 13$1 & 
^ ^l^r» ^-fr^^Rr ^ sfe SVs^l^^o, ^iHj. 

38. 

^Afl«V^. ixJ .^ # ^fDil., ^4 o] 7)-5. ^#3^ ^^l^ol^ss. 3|a-5Vfe ^(a)4, 

#7l *§#*I|3E|M^S», 7j^-§- -if O^oUi Tj^Aj^lfe ^j(b)* S^SHr «VE*H^il7r2] 7)12:^. 

^n 2 -^- 39. 

#71 ^t^H^S* aV^ A }7l^7i 3 3- a] ?1 o^(b)-§- i#*rTr ShS^llf^^rSl ^11 2iW. 
40. 

^^^^21 # ^7|2l- ^%Sll<37l-S. ^#E]fe ^^lSllol^ES. 3)4sj.fe ^(a)4, 

#71 ^^^lol^Ef. ^^.Al^l^ ^-^(b)-i- 4t 51 «V4Sr^ ^^lsr^ t^i^S] 7)1^^. 

^^^•^±^sl ^ ^#3-1-, ^^lsf ^^^l<a7fS. ^#sl^, ^Aj i7 ]. 1Pa . s ol^v 10 0Pa- S «>l5r2l ^Slofl oj fe 
^^^oliE^. 3^4^ *#(a)3|-, 

#71 ^^^lol^E^ ^S^a] ^(b)-l- SI «V4§).^ ^^l*rfe $5i^%±x}4\ X}^"^. 
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3^ 42. 

#7l ^^WHiS-S, Ml ^1^9 ^SH^ ^^(b)tlf^ £;E*i|^£*l-s] ^l^^. 
3^ 43. 

# ^lsq- ^^l^r^ ^#3fe ^^l^ol^s^ 3)4^ ^(a)4, 

#7l *§#*ll2lM^S» ilBVSl-^Al ^^X\9]^ ^(b)* £#*rfe "L^l^^S] 42i^. 

^ T 1 * 44. 

430nm» i^a^ 500nm °lS r 2l sHJ-^ofl ^ t^Hf- 5Hr ^Ht^iM-Sl 3<H£ # ^#'3*, 

^##-1- £fe =r*m ^#s]fe %^t11 *§#*1H- ^-B-sfe £fe ^ 1 ^^lSllol^E^ 3\3L^ 

^(a)*)-, 

#7l ^^(a) #7l 1 ^^H^f-, ant Jf### £fe ^«1*H #7l 1 ^sflSiH^SiL 

4 #7l ^ *i| 2 ^^H^HS sR^Hr ^-^(b)4, 

#71 *11 1 ^ 2 ^Wl^HiE^ ^A^lfe ^( C )* i*^, 

#7l ^(aWHfe, #71 %^7il ^^-^lS-Al, ^ ^^^i^.7> u o v #«Hr #* ^r^H, 550nm °1# 600nm °1^ 
21 2H8-<g°Hi ^ £fe ##«Rr %^7fl <§#3l°H, *>7l2l sj-tH 

(Sr i- a i-bl-x Ba al Ca bl Eu x ) 2 Si0 4 

(0<al <0.3, 02 bl 2 0.8, 0<x<l) 

S. S^lsl^ 3<H£ 1 #fl-a] Jfrtfi-fr ^lS ^#£)fe °l-8-«l-^ 3* ^#JL3. ^ «V£^1 H S ^± 

7.1-Sl ^12:«J-^. 

t 1 * 45. 

430nm* S^SM 500iim °lS)-2l *#<8«W t ^^H* ^ %-§- ##*Rr 3 ^t#£xl-2l ^<H£ ^ 
*^7fl $-B-*rfe ^^°J^>« ^^1?!^ ^(a)4, 

#71 ^( a ) ^ofl, f-##-§- £fe ^Hl 44 #71 ^^l^^i^sl ajoli % 3l4*Hr ^(c)*!-, 

#71 -M* 3^SRr ^(d)* 

#71 *3(bWHfe, #71 %4>7fl 4V 7 ] $^$±$7} «v§5}.^ #.§. £«^«H, 550nm o)^v 600run °1«1- 

21 aj o,! ^ ^^3) 31" £fe 7i) ^ #31 Ol H , 5*71 21 3*«M 

(Sr 

l-ai-bi-x Ba a i Ca b i Eu x ) 2 SiO 4 
(0<al ^0.3. 0<bl ^0.8, 0<x<l) 

3- S^lslfe 1 #^-21 2}-^S~g- ^-#5lfe fl-^^^l* °l-§-«rfe 3-8- ^^-JsL S^fe «V£^1^^ 

^21 ^12:^. 

^•t l ^ 46. 

^ii2:# , a. 

^T 1 ^- 47. 

A 45 W&oH, 
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48. 

430iim» 500nm a^q** ~ **3«l3* 2fe «<J-#*}*r ^^A^%±^\3] 3<H£ % 

%^7fl S**H» $-8-*Hr, tfl^£ x^o,] j=l^ tg^^^ ^^-xll- £fe ^^sjioli 

IS B|4*Hr -g-^(a)^, 

^71 ^3 (a) *«|, -*7l ^SflSM^E-g. 35H?l*r ^(c)£ £^«H, 

-*7l ^(aWMfe, -8-71 >a-7l 34 tf*^*!*} HJ-#*fe 550nm 600nm ^ 

(Sr 

l-al-bl-x Ba al Ca bl Eu x ) 2 SiO 4 
(0<al <0.3, 0<bl £0.8, 0<x<l) 
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£.£16 



(a) 



(b) 



(c) 
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£^18 
(a) 

117 130 
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